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ABSTRACT 


The  kinetics  of  the  absorption,  distribution  and  elimination  of 
ethosuximide,  methsuximide  and  phensuximide  have  been  examined  in  male 
Wistar  rats  following  intravenous  or  oral  administration  of  each  drug. 
Ethosuximide,  methsuximide  and  phensuximide  were  determined  by  gas-1 iguid 
chromotography  in  blood,  urine,  or  tissue  homogenates  using  a  modification 
of  a  published  technique  which  gave  better  sensitivity  and  reproducibi lity . 
Various  pharmacokinetic  parameters  were  determined  from  a  study  of  the 
blood  level  vs.  time  profiles  and  the  urinary  excretion  rates  of  the 
drugs.  The  pharmacokinetic  rate  constants,  and  other  derived  parameters, 
were  obtained  from  blood  level  or  urinary  excretion  data  by  using  a 
digital  computer  program,  "NONLIN",  to  fit  a  number  of  pharmacokinetic 
models  using  an  iterative,  "least  square"  fitting  procedure. 

The  relationship  between  the  dose  administered  intravenously  and 
the  kinetic  parameters  of  ethosuximide  was  examined  following  intravenous 
administration  of  the  drug.  The  kinetics  of  ethosuximide  following 
multiple  oral  dosing  were  also  examined  and  some  of  the  information 
obtained  has  been  used  to  predict  blood  concentrations  in  man  from  pre¬ 
viously  published  data. 

The  urinary  excretion  of  ethosuximide  has  been  examined  in  male 
Wistar  rats  pretreated  with  ammonium  chloride,  sodium  bicarbonate  and 
probenicid.  None  of  these  pretreatments  was  found  to  alter  the  amount 
of  an  administered  dose  excreted  unchanged  in  the  urine  when  compared 
with  the  amounts  found  in  the  urine  of  animals  not  pretreated.  This 
suggests  that,  since  the  drug  was  found  to  be  negligibly  bound  to  plasma 
proteins,  the  long  half-life  observed  for  ethosuximide  in  rats,  in  com- 
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, 


pari  son  with  methsuximide  or  phensuximide,  is  due  to  the  slow  rate  of 
metabolism  of  the  druq  and  extensive  passive  tubular  reabsorption . 

The  influence  of  some  pharmaceutical  adjuvants  and  antacids  on  the 

systemic  availability  of  ethosuximide  following  oral  administration  to 

R  R 

rats  has  been  studied.  Zarontin  syrup,  Zarontin  capsules  and  etho¬ 
suximide,  in  aqueous  solution,  were  all  equally  available.  Most  of  the 
adjuvants  examined  increased  the  time  taken  to  achieve  peak  plasma 
levels  suqqestinq  a  reduced  rate  of  absorption.  Small  reductions  in 
availability  were  also  noted.  Soluble  calcium  salts  and  antacids  con¬ 
taining  either  calcium  or  magnesium  significantly  reduced  the  availability 
of  ethosuximide. 

The  significance  of  these  studies,  in  terms  of  the  design  of 
dosage  forms  and  the  clinical  implications  of  the  various  dosage  regimens 
for  ethosuximide,  have  been  discussed  in  the  light  of  the  pharmacokinetic 
findings . 
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Pharmacokinetics  has  been  defined  as  'the  mathematical  description 
of  drug  quantity  and  activity  changes  within  the  body'  (Portmann , .  1 970) . 
Thus,  pharmacokinetics  is  really  an  attempt  to  describe  the  processes  of 
absorption,  distribution  and  clearance,  undergone  by  a  drug  in  the  body, 
in  mathematical  terms.  When  this  has  been  accomplished  for  a  particular 
drug,  it  should  then  be  possible  to  forecast  what  will  happen  to  a 
particular  drug  in  an  animal  species,  and  to  predict  the  amount  of  drug 
which  may  be  found  in  body  fluids  or  tissues  at  any  given  time.  Thus,  a 
knowledge  of  the  pharmacokinetic  parameters  of  a  drug  has  obvious  impor¬ 
tance  in  the  use  of  that  drug  to  treat  disease,  and  is  especially  useful 
in  devising  dosage  schedules  to  attain,  and  maintain,  therapeutic  con¬ 
centrations  of  the  drug  in  the  body.  In  addition  to  this,  pharmaco¬ 
kinetics  can  be  used  to  avoid  ineffective  therapy,  due  to  the  drug 
being  present  in  ineffective  concentrations,  or  to  avoid  toxicity,  due 
to  the  accumulation  of  the  drug  in  the  body. 

Although  pharmacokinetics  has  only  recently  been  introduced  into 
the  curriculum  of  most  schools  of  pharmacy,  it  is  not  a  new  branch  of 
science.  In  the  1 920 ' s ,  Widmark  (1919)  and  Widmark  and  Tandberg  (1924) 
applied  the  principles  of  kinetic  analysis  to  drug  elimination,  and  to 
the  changes  in  drug  levels  which  take  place  during  multiple  dosing. 

Other  pioneers  in  this  field  were  Gehlen  (1933),  Dominguez  (1935)  and 
Beccari  (1938).  Since  1950,  pharmacokinetics  has  expanded  rapidly  and 
is  currently  one  of  the  most  important  branches  of  pharmaceutics. 

Most  pharmacokinetic  studies  use  models  which  are  based  on  the 
physiological  concepts  of  absorption,  distribution  and  clearance. 

Despite  the  fact  that  these  processes  may  be  very  complex  and  composed 
of  a  large  number  of  individual  processes,  most  of  the  overall  processes 
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can  be  described  by  simple  first  order  kinetics.  This  results  in 
relatively  simple  mathematical  descriptions  of  the  kinetic  processes 
involved,  and  makes  possible  the  use  of  greatly  simplified  mathematical 
models  to  describe  the  pharmacokinetics  of  the  drug  in  the  body.  The 
use  of  models  in  pharmacokinetics  has  been  well  reviewed  by  Teorell 
(1937a, b),  Dost  (1953)  and  Nelson  (1961a).  In  pharmacokinetics,  the 
models  usually  consist  of  a  series  of  compartments.  A  compartment  may 
be  defined  as  a  kinetically  distinguishable  pool  in  terms  of  the  drug 
concentration-time  profile.  The  drug  distributes  between  these  various 
compartments.  Clearance,  that  is  the  metabolism  and  excretion  of  the 
drug,  may  take  place  from  one  or  more  of  these  compartments.  It  is 
difficult  to  define  in  material  terms  what  constitutes  a  'compartment' 
in  pharmacokinetics.  It  may  be  considered  to  be  a  group  of  different 
tissues  which  have  certain  characteristics  in  common,  such  as  high  or 
low  blood  flow  rates  or  the  solvent  characteristics  of  the  tissue. 

Eger  (1963)  divided  the  tissues  of  the  body  up  into  groups  using  these 
criteria.  His  first  group  contained  tissues  which  were  profusely  sup¬ 
plied  with  blood  vessels  and  included  the  heart,  brain,  spinal  cord, 
hepato-portal  system,  kidney  and  endocrine  glands.  This  group  accounted 
for  approximately  9%  of  the  body  weight.  A  second  group,  the  muscle 
group,  was  made  up  of  skin  and  muscle  and  formed  about  50%  of  the  total 
body  weight.  Adipose  tissue  and  bone  marrow  formed  a  third  group,  the 
fat  group,  comprising  about  19%  of  the  total  body  weight.  The  last 
group,  the  vessel-poor  group,  contained  bone,  ligaments,  cartilage, 
tendons,  teeth  and  hair  and  made  up  about  22%  of  the  total  body  weight. 
Price  (1963)  considered  blood  flow  rates  to  be  the  most  important  factor 
in  determining  the  availability  of  a  drug  to  a  specific  tissue.  He 
cited  his  studies  with  thiopental  (Price,  1960)  in  support  of  his 
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suggestions.  However,  the  relationship  between  drug  uptake  and  tissue 
blood  flow  is  often  not  exact  because  the  partition  coefficient  between 
plasma  and  different  body  tissues  varies.  The  partition  coefficient  is 
determined  by  many  factors,  including  the  lipid  solubility  of  the  drug, 
its  degree  of  ionization,  its  molecular  size  and  presence  or  absence  of 
binding  to  plasma  proteins.  However,  the  fact  that  approximately  70%  of 
the  cardiac  output  supplies  about  7%  of  the  total  body  tissue,  emphasizes 
the  importance  of  blood  flow  rates  in  determining  the  division  of  the 
body  tissues  into  compartments.  Reigelman,  Loo  and  Rowland  (1968),  con¬ 
sidering  the  concept  of  a  two  compartment  model  (this  will  be  discussed 
in  detail  later),  suggested  that  the  central  compartment  consisted  of 
the  blood,  highly  perfused  tissues,  such  as  the  brain,  and  some  extra- 
vascular  fluids.  The  liver  also  contributed  to  this  compartment  and,  to 
a  lesser  extent,  the  kidneys  and  the  gastrointestinal  tract.  Fat  and 
poorly  perfused  tissues  made  up  the  tissue  or  peripheral  compartment. 

It  is  apparent  from  the  above  review  that  it  is  the  physicochemical 
properties  of  the  drug  which  will  determine  the  tissues  which  form  the 
various  compartments  and  that  this  will  be  influenced  by  the  blood  flow 
to  the  various  tissues.  Whatever  the  composition  of  these  compartments, 
or  kinetically  distinguishable  pools,  in  a  model  they  are  connected  by 
irreversible  or  reversible  pathways  which  represent  the  movement  of  drug 
into,  between  and  out  of  the  various  compartments. 

The  use  of  compartmental  models  to  explain  the  behaviour  of  a  drug 
in  the  body  is  fraught  with  difficulties  and  pitfalls.  Berlin  et  al . 
(1968)  and  Berman  (1969)  have  outlined  the  essential  steps  which  must  be 
followed  in  the  construction  and  application  of  compartmental  models. 
Usually  the  simplest  possible  model  is  used  first.  It  is  fitted  to  the 
data,  often  using  an  iterative  process,  and  the  sums  of  the  squares  of 
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the  deviations  of  the  experimental  points  from  the  calculated  points 
are  used  to  assess  how  closely  the  experimental  data  approximates  to  the 
calculated  data  points.  Other  more  complex  models  are  then  fitted  to 
the  data,  until  there  is  no  statistically  significant  reduction  in  the 
variance  of  the  experimental  data  from  the  calculated  data.  A  degree 
of  empiricism  or  pragmatism  is  sometimes  necessary  to  avoid  unnecessarily 
complicated  models  and  to  ensure  that  a  good  fit  is  obtained  with  physio¬ 
logically  meaningful  parameters.  The  model  is  then  tested  experimentally 
in  as  many  situations  as  possible.  If  it  still  provides  a  good  explana¬ 
tion  of  the  data  obtained,  it  is  acceptable;  but  in  many  instances  the 
new  information  obtained  results  in  revision  of  the  proposed  model  to 
accomodate  the  new  data.  Generally  speaking,  each  revision  will  make 
the  model  more  accurate  in  predicting  other  data. 

Several  different  models  may  be  used  for  a  particular  set  of  data. 
Often  the  governing  reason  for  selecting  a  particular  model  is  the 
information  it  is  hoped  to  predict.  This  aspect  has  been  discussed  by 
Berman  (1969).  Each  model  is  limited  by  the  fact  that  it  is  only  possi¬ 
ble,  practically,  to  sample  a  small  number  of  compartments.  This, 
coupled  with  the  fact  that  compartments  are  difficult  to  define,  even  for 
a  particular  drug,  limits  the  uniqueness  of  any  model  system.  If  one 
considers  that  one  usually  only  samples  one  compartment,  such  as  plasma, 
then  it  obviously  requires  considerable  intuition  or  imagination  to 
apply  a  three  or  four  compartmental  model  to  the  kinetics  of  a  drug! 

Thus,  it  has  to  be  recognized  that  each  model  represents  a  gross  over¬ 
simplification  of  the  real  system  and  that  each  pharmacokinetic  parameter 
is  in  reality  the  sum  or  the  combination  of  a  large  number  of  different 
rate  processes.  Because  of  this,  each  rate  constant  determined  for  a 
given  model  only  has  value  in  the  context  of  that  particular  model  and 
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cannot  be  applied  universally.  With  this  preamble  it  is  now  possible 
to  go  on  to  consider  some  of  the  various  pharmacokinetic  models  which 
have  been  shown  to  have  utility. 

The  concepts  of  pharmacokinetics  and  compartments 1  analysis  have 
been  systematical ly  presented  in  a  number  of  publications  (Gibaldi,  1971; 
Notari ,  1971;  Solomon,  1960;  Swarbri ck ,  1970;  Swarbrick,  1973;  Wagner, 

1971a). 

The  simplest  pharmacokinetic  approach  considers  the  animal  or 
organism  to  consist  of  one  compartment.  This  is  shown  schematically  in 
Figure  la.  According  to  this  scheme,  the  body  is  considered  to  be  a 
single  unit  separated  from  the  environment  by  a  membrane  which  is 
permeable  to  drugs.  If  a  drug  is  given  intravenously,  it  is  assumed  that 
the  drug  is  instantaneously  and  homogenously  distributed  throughout 
this  single  compartment.  It  is  also  assumed  that  the  drug  is  eliminated 
from  this  compartment  by  a  process  of  metabolism  and  excretion  which  can 
be  described  by  first  order  kinetics.  The  amount  of  drug  in  the  body 
or  compartment  can  then  be  described  by  Equation  (1) 


where  1 Cc 1  is  the  concentration  of  the  drug  in  the  single  compartment  at 
time  ' t' ,  1 D '  is  the  dose  administered  and  '  V '  is  the  apparent  volume 
of  distribution,  which  may  be  defined  as  the  volume  of  body  fluid  in 
which  the  drug  appears  to  be  dissolved,  assuming  a  uniform  distribu¬ 
tion,  and  1 K'  is  the  rate  constant  for  the  elimination  of  the  drug  by 
both  metabolism  and  excretion. 

A  term  which  has  significance  is 
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Figure  la.  A  scheme  showing  a  one  compartment  pharmacokinetic 
model  for  a  drug  following  intravenous  administration. 


Dg- 


Lag  time 


Du 


Figure  lb.  A  scheme  showing  a  one  ("two")  compartment  pharmaco¬ 
kinetic  model  for  a  drug  following  oral  administration. 
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This  will  give  'C  '  the  fictional  initial  concentration  of  the  drug 
in  the  compartment. 

Also 

K  =  Ku  +  Xm . (3) 

where  1 Ky '  is  the  rate  constant  for  the  urinary  excretion  of  the  unchanged 
drug  and  'K^'  is  the  rate  constant  for  the  removal  of  the  drug  by 
metabol ism. 

A  single  compartment  model  of  this  type  has  been  described ,  in  depth, 
by  Teorell . (1937b)  and  it  was  used  by  Widmark  (1919)  and  Widmark  and 
Tandberg  (1924)  to  examine  the  blood  concentration  -  time  profile  of  some 
narcotic  substances.  The  model  gives  several  interesting  results.  For 
example  when  the  drug  is  extensively  bound  to  plasma  proteins,  or  red 
blood  cells,  since  this  is  the  part  of  the  compartment  usually  sampled, 
the  apparent  volume  of  distribution  will  be  less  than  the  actual  plasma 
volume.  In  contrast,  a  high  value  for  the  volume  of  distribution  would 
be  an  indication  of  the  localization  and  concentration  of  the  drug  in 
body  tissues  other  than  blood.  Thus  it  is  important  to  have  a  good  know¬ 
ledge  of  the  degree  of  plasma  protein  binding  and  tissue  localization  a 
drug  undergoes  in  order  to  fully  understand  the  kinetics  of  a  drug.  If 
this  information  were  not  available  misleading  conclusions  regarding 
the  therapeutic  performance  of  the  drug  could  be  made.  A  good  example 
of  the  value  of  this  data  was  produced  by  Sutherland  (1962)  who  examined 
and  compared  blood  and  tissue  levels  of  spiramycin  and  erythromycin . 

An  excellent  discussion  of  the  effects  of  plasma  protein  binding  on  drug 
distribution  has  been  presented  by  Martin  (1965a).  Also,  Martin  (1965b) 
showed  that  plasma  protein  binding  not  only  influences  the  distribution 
of  drugs  in  the  body  but  also  affects  the  elimination  of  drugs  from  the 
body.  This  is  because  drug  bound  to  protein  is  not  available  for 
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metabolism  nor  can  it  be  excreted  by  filtration  through  the  renal  tubules. 
Thus  the  biological  half-life  of  a  drug  which  is  extensively  protein 
bound  is  often  quite  long.  The  fact  that  plasma  protein  binding  affects 
the  pharmacokinetic  parameters  for  a  drug  has  been  shown  by  several 
authors  (Anton,  1961;  Brodie  and  Hogben,  1957;  Weiner  et  al . ,  1950; 

Wiseman  and  Nelson,  1964). 

When  the  body  is  considered  as  a  single  compartment,  and  the  drug 
is  given  other  than  intravenously ,  for  example  orally,  the  pharmacokinetic 
model  needs  to  be  modified  as  may  be  seen  in  Figure  lb.  The  only  differ¬ 
ence  from  the  single  compartment  model  for  intravenous  dosing  shown  in 
Figure  la  is  the  introduction  of  a  term  D^.  This  represents  the  amount 
of  drug  given  orally,  which,  after  a  suitable  lag  time,  undergoes  disin¬ 
tegration  and  dissolution  and  absorption  into  the  single  compartment. 

The  rate  constant  for  absorption  is  termed  Kq.  The  compartment  drug 
level-time  profile  is  then  described  by  equation  (4)  (assuming  all  the 
drug  is  absorbed) . 


C 


c 


D 

V 


Ka-K 


(4) 


Examination  of  this  equation  shows  that  the  concentration  of  drug 
in  the  compartment  will  increase  until  it  reaches  a  maximum  which  will 
then  decline.  This  is  because  the  rate  of  drug  elimination  up  to  the 
peak  level  is  less  than  the  rate  of  absorption.  After  the  maximum  the 
reverse  is  true.  The  time  of  occurrence  of  the  maximum  drug  level  (t  ) 
is  independent  of  dose  depending  only  on  Kq  and  K;  tfflax  can  be  obtained 
from  equation  (5). 
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Note,  however,  that  the  magnitude  of  the  peak  compartmental  concentration 

is  a  function  of  the  size  of  the  dose  administered  according  to  equation  (7). 

K 


When  the  absorption  of  the  drug  from  its  site  of  administration  is 
incomplete,  equation  (4)  has  to  be  modified  to  give  equation  (7). 


where  F  is  the  fraction  of  the  dose  absorbed.  In  equation  (7),  when  K 

a 

is  at  least  two  to  three  times  greater  than  K,  which  is  often  the  case, 

-i/  + 

the  contribution  of  the  term  '-e  a  '  becomes  negligible.  Therefore,  the 
slope  of  the  terminal  portion  of  the  straight  line  which  results  from  a 
semi  logarithmic  plot  of  the  compartment  concentration-time  data  yields 
the  elimination  rate  constant  1 K 1 . 

Since  the  shape  of  the  compartment  concentration-time  curve  gener¬ 
ated  by  equation  (7)  depends  on  the  difference  between  the  products  of  a 

Kt  -K  t 

constant  and  the  exponential  terms  e"  and  e"  a  ,  the  absorption  rate 
constant,  K  ,  may  be  determined  by  subtracting  the  compartment  concen- 
tration  from  the  ascending  portion  of  the  curve  from  the  estimated 
concentrations  which  result  when  the  descending  portion  of  the  curve  is 
extrapolated  back  to  the  ordinate.  This  technique  is  referred  to  as 
'feathering ' . 

The  estimation  of  'F1,  the  fraction  of  dose  absorbed  per  volume  of 
distribution,  in  equation  (7)  can  thus  be  accomplished  by  comparing  the 
areas  under  the  compartment  concentration-time  curves  obtained  after  the 
administration  of  the  same  amount  of  drug  by  the  intravenous  and  other 
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routes.  This  is  best  done  in  the  same  animal  if  at  all  possible.  This 
procedure  offers  an  excellent  way  of  studying  the  influence  of  varying 
the  physicochemical  properties  and  formulation  of  the  drug  on  absorption. 

By  determining  K  ,  F,  t  v  and  the  area  under  the  curve  (AUC)  for  various 
polymorphic  forms  of  the  drug,  for  various  adjuvants  and  diluents  and  for 
various  dosage  forms,  it  is  possible  to  compare  formulations  by  a  number 
of  different  routes.  Studies  such  as  this  are  important  since  variations 
in  manufacturing  processes  may  influence  the  rate  and  extent  of  absorption 
of  a  drug  from  its  dosage  form  (Goldstein,  1968;  D.I.B.,  1969).  Martin 
et  al.  (1968)  have  noted  differences  in  the  availability  of  preparations  of 
diphenylhydantoin,  sulfisoxazole  and  chloramphenicol  produced  by  differ¬ 
ent  manufacturers .  Many  more  examples  are  known  but  one  of  the  most 
recent  and  significant  refers  to  the  availability  of  digoxin  from  the 
products  of  various  manufacturers  (Wagner  et  al.,  1973a). 

Methods  of  estimating  the  bioavailability  of  drugs  and  the  problems 
associated  with  these  determinations  have  been  discussed  by  Beckett  and 
Tucker  (1967),  Dittert  and  Disanto  (1973)  and  Wagner  (1966).  The  methods 
are  essentially  those  described  above  but  the  authors  discuss  the  prac¬ 
tical  and  computational  difficulties  which  have  to  be  resolved  to  obtain 
meaningful  data. 

In  most  instances,  however,  drugs  are  not  given  once  only,  but 
according  to  a  schedule.  In  the  majority  of  cases  the  plasma  level  of 
a  drug  relates  directly  to  its  therapeutic  or  toxic  effects  (Davies  and 
Pritchard,  1973).  Thus  the  plasma  level -time  profile  can  be  used  to 
avoid  toxic  concentrations  of  drug  in  plasma  (Nelson  and  Kruger-Thiemer, 

1964;  O'Reilly,  1972;  Wagner  and  Metzler,  1969).  As  has  been  pointed 
out  by  some  of  these  authors,  a  dosing  schedule  need  not  be  empirical 


but  should  be  based  on  a  knowledae  of  the  kinetics  of  the  drug  being 
used  in  that  particular  animal  or  patient. 
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If  the  same  dose  ' D '  of  a  drug  is  administered  repeatedly  at  a  fixed 
interval  of  time  1 J 1 .  The  amount  of  drug  present  in  the  compartment,  in 
this  case  the  term  plasma  will  be  used,  after  the  nth  administration  is 
given  by  equation  (8).r 

■nK.J 


FD  K 
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Ka-K 


-Kt  ,  -nKJ 
e  .  1  -  e 


1  -  e 


1  -  e 


1  -  e'KaJ 


(8) 


where  Cn  is  the  plasma  concentration  of  the  drug  after  the  nth  dosing. 

The  degree  of  drug  accumulation  after  multiple  dosing  may  be  ascer¬ 
tained  from  the  drug  accumulation  ratio,  1 R 1 .  This  may  be  defined  as  the 
ratio  of  the  average  amount  of  drug  in  the  body,  at  the  time  a  plateau 
concentration  is  reached,  to  the  amount  of  drug  absorbed  following  a 
single  dose  according  to  equation  (9). 

R  =  C  V 

oo 

FD . (9) 

where  is  the  average  concentration  of  the  drug  in  the  body  after 
administration  of  ' n 1  doses. 

Since 


FD 


-  v  K  J  . 

substituting  for  in  equation  (9)  we  obtain 

R  =  — 

K  J  . 


(10) 


ID 


This  relationship  indicates  that  the  drug-accumulation  ratio  is  dependent 
on  the  overall  elimination  rate  constant,  K,  (where  K  =  0.693/ty2)  and 
the  dosing  interval,  J.  In  terms  of  biological  half  life  (t-j^),  the 
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accumulation  ratio,  R,  may  be  expressed  as: 

R  =  1.44  t]/2 . (12) 

J 

Thus  the  dosing  interval  should  not  be  less  than  1.44  times  the  biological 
half  life  of  the  drug  to  prevent  toxic  manifestations  from  drug  accumu¬ 
lation.  Holcenberg  (1970),  as  a  physician,  emphasized  the  usefulness  of 
a  knowledge  of  the  biological  half  life  of  the  drug  for  deciding  proper 
dosage  scheduling  in  the  therapeutic  management  of  the  patient.  An  entire 
symposium  was  sponsored  by  the  Hoechst  Laboratories  in  1970  to  emphasize 
this  aspect  of  pharmacokinetics,  and  the  papers  presented  at  the  symposium 
have  been  published  in  the  form  of  a  book  (Dengler  1970). 

Although  the  concept  of  the  one  compartment  pharmacokinetic  model 
has  been  found  useful  in  characterizing  the  dynamics  of  drug  absorption, 
distribution,  metabolism  and  excretion,  Dominquez  (1950)  pointed  out  that 
one  may  arrive  at  a  better  understanding  of  the  pharmacokinetic  behaviour 
of  a  drug  in  the  body,  if  the  body  is  considered  as  a  system  divided  into 
more  than  one  interconnected  compartments  into  which  the  drug  distributes 
itself.  Rescigno  and  Segre  (1966)  and  Riggs  (1963)  have  presented  detailed 
accounts  of  the  mathematical  basis  of  such  compartmental  analyses.  These 
authors  have  presented  various  mathematical  models  which  consider  the 
body  to  consist  of  one  or  more  compartments  connected  together  in  diverse 
manners.  One  or  other  of  these  models  should  be  quite  adequate  to  des¬ 
cribe  the  plasma  level -time  profile  of  most  drugs. 

The  kinetic  behaviour  of  a  multi  compartment  system  can  be  described 
mathematically  by  a  general  system  of  linear  first-order  differential 
equations  of  the  type: 
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dD, 


n 


n 


dt 


.  (13) 


i.  L  i  L 

where  D..  and  represent  the  actual  amount  of  drug  in  the  iL  and  j 
compartment  respecti vely ,  and  K.  .  stands  for  the  rate  constant  for  the 

■  J 

t  h  t  h 

transfer  of  drug  from  vn  to  the  j  n  compartment.  Reigelman  et  al.  (1968) 


tested  experimentally  the  validity  of  one  and  two  compartment  pharmaco¬ 
kinetic  models  by  comparing  the  results  of  the  pharmacokinetic  analysis 
of  experimental  blood  level  data,  using  a  one  and  two  compartment  system. 
They  showed  that  for  some  drugs,  whose  pharmacokinetic  behaviour  cannot 
be  explained  adequately  with  a  one  compartment  pharmacokinetic  model,  a 
two  compartment  pharmacokinetic  model  seemed  to  offer  results  which  were 
consistent  with  the  experimental  data.  A  two  compartment  model  used  in 

this  investigation  is  shown  schematically  in  Figures  2a  and  2b. 

In  Figure  2a,  Cc  is  the  concentration  of  the  drug  in  the  central 

compartment;  C,  into  which  the  drug  is  directly  administered  by  an  intra¬ 
venous  administration.  The  central  compartment  C,  includes  the  blood, 
other  body  fluids,  and  the  organs  and  tissues  highly  perfused  with  blood; 
T  is  the  peripheral  compartment  into  which  the  drug  from  the  central  com¬ 
partment,  C,  is  distributed;  Kct  is  the  first  order  rate  constant  for  the 
transfer  of  drug  from  the  central  compartment  C  into  the  peripheral 
compartment  T;  Ktc,  is  the  first  order  rate  constant  for  the  return  of 
the  drug  from  the  peripheral  compartment  T  into  the  central  compartment 
C,  for  metabolism  and  excretion.  It  is  assumed  that  all  metabolism  and 
excretion  occurs  from  the  central  compartment;  Ku  is  the  first  order  rate 
constant  for  excretion  of  the  unchanged  drug  into  urine;  and  km  is  the 
first  order  rate  constant  for  the  metabolism  of  the  drug.  The  overall 
elimination  rate  constant,  K,  which  incl udes  the  rate  constants  for 
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Figure  2a.  A  scheme  showing  a  two  compartment  pharmacokinetic 
model  for  a  drug  following  intravenous  administration. 
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Figure  2b.  A  scheme  showing  a  two  compartment  pharmacokinetic 
model  for  a  drug  following  oral  administration. 
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metabolism  and  excretion,  differs  from  the  overall  rate  constant  K  of  a 
one  compartment  model  in  that  the  K  of  the  one  compartment  model  cor¬ 
responds  to  the  hybrid  rate  constant  '3'  of  the  two  compartment  model. 
Du  and  Dmu  have  been  defined  previously  for  a  one  compartment  model. 
Based  on  the  two  compartment  model  scheme  shown  in  Figure  2a,  the  blood 
level-time  curve  can  be  described  by  equation  (14). 

C  =  A.e“at  +  B.e'6t . (14) 

c 

where  at  t  =  0,  the  initial  plasma  concentration  CQ  =  A  +  B,  and  a 
and  3  are  hybrid  rate  constants  each  influenced  by  all  the  individual 
rate  processes.  The  knowledge  of  the  concentration  of  the  drug  in  the 
central  compartment  C  as  a  function  of  time  permits  the  estimation  of 
other  rate  constants  and  related  pharmacokinetic  parameter  according 
to  equations  15  through  25. 


Kct 


A.B.  (3  -  a)2 

(A+B)  (A3+Ba) 


(15) 


Ktc  =  A3  +  Ba 
A  +  B 


(16) 


K  = 

Ku  +  Km  =  a6(A  +  B) 

=  aB 

(17) 

AB  +  Ba 

Ktc 

t — 

a  = 

1/2  (Kct  +  K  +  Ktc)  + 

4  (Kct  +  K  +  Ktc)2  - 

4Ktc.K  . 

3  = 

1/2  (Kct  +  K  +  Ktc)  - 

J (Kct  +  K  +  Ktc)2  - 

4Ktc.K  . 

4- 

0.693 

M/2 

3 

(20) 

(18) 

(19) 


17 


V 


c 


D 

A  +  B 


(21) 


where  Vc  is  the  volume  of  distribution  for  the  drug  in  the  central 
compartment. 

V.  =  VKct . (22) 

Ktc 

where  is  the  volume  of  distribution  of  the  drug  in  the  peripheral 
compartment. 

D.  =  (e'at  +  e"et)  ....  (23) 

1  (a-8) 


where  is  the  amount  of  drug  in  the  peripheral  compartment, 


Du  =  D.Ku 


(A.e 


•at 


+  B.e 


-St- 


3 


(24) 


where  Du  is  the  amount  of  unchanged  drug  excreted  in  the  urine. 

. (25) 


AUC  =  -  +  - 


e 


When  the  disappearance  of  the  drug  from  the  central  compartment  as  a 
function  of  time,  following  an  intravenous  dosing,  shows  a  bi phasic  be¬ 
haviour  (see  Figure  16),  the  analysis  of  the  blood  level  data  requires 
a  minimum  of  two  compartments  in  a  model.  However,  if  the  first  phase 
showing  the  rapid  decline  in  plasma  concentration  is  not  seen  because  of 
very  little  sampling  during  the  initial  phase,  an  erroneous  estimation 
of  the  drug  distribution  volume  V  is  obtained,  and  one  is  tempted  to  use 
the  terminal  phase  of  the  drug-disappearance  curve  for  the  determination 
of  biological  half  life  according  to  a  one  compartment  model.  Riegelman 


(1970)  has  cautioned  against  such  mistakes  in  the  analysis  of  plasma 
level  data.  He  strongly  advises  the  experimenter  to  take  a  sufficient 
number  of  blood  samples  immediately  following  the  intravenous  admini¬ 
stration  at  short  intervals  so  as  not  to  miss  the  fast  distribution 
phase. 

In  the  two  compartment  model  in  which  an  absorption  step  is  in¬ 
cluded,  Dg,  the  amount  of  drug  in  the  absorption  compartment  (this  is 
most  often  the  gastrointestinal  tract)  is  absorbed  into  the  central 
compartment  C  as  shown  in  Figure  2b.  Under  these  circumstances  the 
concentration  of  drug  in  the  central  compartment  at  time  ' t 1  is  given 
by  the  eguation 

Cc  =  A.e'at  +  B.e_et  -  C.e"Kat . (26) 

— k  a  t 

where  C.e  represents  the  amount  of  drug  remaining  in  the  gut  at 
time  't1. 

The  process  of  drug  absorption,  distribution,  metabolism  and 
excretion  can  also  be  studied  by  observing  the  amount  of  drug  excreted 
unchanged  in  the  urine  after  various  time  intervals.  This  method  has 
some  advantages  over  methods  involving  studies  of  blood  levels,  partic¬ 
ularly  in  cases  in  which  the  amount  of  drug  found  in  blood  is  below  the 
detection  limits  of  known  analytical  methods.  Urine  usually  contains 
relatively  large  amounts  of  unchanged  drug  and  is  available  in  greater 
volumes  than  blood.  Studies  of  urinary  excretion  also  have  the  advan¬ 
tage  that  they  do  not  require  a  knowledge  of  the  apparent  volume  of 
distribution.  The  rate  of  excretion  of  unchanged  drug  in  the  urine 
can  be  described  by  eguation  (27). 
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d  Du  =  Ku  D.e~Kt . (27) 

dt 

where  --  Du-  is  the  excretion  rate  at  time  ' t ' .  Integration  gives 
dt 

equation  (28). 


K 


The  above  equation  assumes  that  the  drug  is  given  intravenously .  If  the 
drug  is  given  orally,  equations  29  -  31  may  be  used  to  analyse  data 

obtained  in  a  urinary  excretion  study. 


dDu 

dt 


F  .  D  .  Ku  .  Ka 


(e' 


Kt 


Ka-K 


Du  =  F  .  D  .  Ku 


K.(K  -K) 


(l-e-Kt)  -K  ( 


(29) 


(30) 


Du  =  F  .  D  .  K 


(31) 


w  h  e  re  D  u 

00  is  the  total  amount  of  drug  excreted  in  the  urine  after 
infinite  time.  This  is  usually  considered  to  be  equivalent  to  not  less 
than  six  half  lives  (t-^)  of  the  drug.  In  any  urinary  excretion  study 
simultaneous  determinations  of  plasma  levels  of  drug  have  great  value 
in  determining  the  kinetic  constants  of  the  drug  for  a  particular 
model.  In  addition  to  this  it  is  often  wise  to  study  the  urinary 
excretion  of  both  the  unchanged  drug  and  its  metabolites.  The  reason 
for  this  may  be  seen  in  the  work  of  Barr  (1969).  Barr  showed  that  in 
the  case  of  sal icylamide,  the  drug  appeared  to  be  very  poorly  absorbed 


when  given  orally  since  low  blood  levels  of  the  drug  were  observed  in 
treated  animals.  But  a  study  of  the  urinary  excretion  of  the  drug  and 
its  metabolites,  following  oral  and  intravenous  administration,  demon¬ 
strated  the  presence  of  large  amounts  of  the  metabolites  of  sal icyl amide, 
indicating  that  in  fact  the  drug  was  well  absorbed  but  rapidly  metabol¬ 
ised. 

The  urinary  excretion  of  many  weakly  acid  and  weakly  basic  drugs 
is  dependent  on  the  pH  of  the  glomerular  filtrate.  Therefore  any 
pharmacokinetic  study  based  on  urinary  excretion  data  under  conditions 
of  uncontrolled  urinary  pH  may  be  misleading  particularly  with  respect 
to  the  biological  half  life.  This  is  because  tubular  reabsorption  of 
the  weakly  acid  and  basic  drugs  may  be  enhanced  under  acidic  and  alkaline 
pH  respectively  (Asatoor  et  al . ,  1965;  Beckett  et  al.,  1965;  Orloff 
and  Berliner,  1956;  Nelson,  1961b;  Portnoff  et  al.,  1961).  From 
what  has  been  presented  above,  it  may  be  apparent  that  a  systematic  and 
detailed  knowledge  of  the  pharmacokinetics  of  a  drug  is  essential  for 
its  proper  use,  a  view  which  has  been  supported  by  a  number  of  authors 
(Kaplan,  1972;  Nelson,  1961a;  D.I.B.,  1969;  Wagner,  1961;  Rossum, 

1971;  Wagner,  1971b). 

Pharmacokinetic  and  biopharmaceutical  approaches  to  the  study  of 
drug  absorption,  distribution  and  excretion  are  based  on  the  concept  of 
using  mathematical  models  to  account  for  the  various  events  which  occur. 
The  various  processes  assumed  to  be  taking  place  are  defined  by  a  number 
of  differential  equations.  Because  the  solution  of  differential  equations 
can  be  complex  and  tedious,  it  is  clear  that  the  process  of  determining 
pharmacokinetic  parameters  would  be  difficult  without  the  help  of  com¬ 
puters.  In  fact,  a  number  of  pharmaceutical  and  pharmacological 
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researchers  in  the  past  avoided  pharmacokinetic  investigations  because 
of  the  computational  problems  involved.  Today  the  computations  in 
pharmacokinetic  investigations  are  straightforward  because  of  the  various 
computer  programs  which  are  readily  available.  Thus,  even  a  researcher 
without  much  mathematical  background  can  confidently  handle  pharmaco¬ 
kinetic  investigations  with  the  help  of  computers.  Garrett  et  al .  (1960) 
have  presented  the  fundamentals  and  the  philosophy  of  electronic  analog 
computers.  Analog  computers  have  been  used  in  the  determination  of 
various  pharmacokinetic  parameters  and  for  testing  the  validity  of  pro¬ 
posed  compartmental  models  (Beckett  and  Tucker,  1968a;  Beckett  et  al . s 
1968b).  Kirsten  and  Ross  (1972)  have  published  analog  program  circuits 
for  simulation  of  multiple  dosing  kinetics,  and  variable  dosing  regimens 
were  simulated  using  an  analog  computer  by  Ki rschner  et  al.  (1973). 
Although  analog  computers  are  excellent  for  the  solution  of  differential 
equations,  they  are  less  accurate  than  digital  computers  for  the  deter¬ 
mination  of  various  pharmacokinetic  parameters  and  rate  constants. 

There  are  a  number  of  digital  computer  programs  available  for  iterative 
least  squares  fitting  of  plasma  level  data  for  the  estimation  of  various 
pharmacokinetic  constants  and  parameters.  Berman  (1965)  used  a  program 
called  SAAM  to  fit  data  to  a  desired  physical  or  mathematical  model  by 
adjusting  the  parameter  values  of  the  model  until  the  best  fit  was 
obtained.  Other  programs  available  are:  BMD  X85  (Series  from  Health 
Sciences  Computer  Facility,  University  of  California  at  Los  Angeles)  and 
NONLIN  (Metzler,  1968).  An  iterative  least  square  method  for  finding 
the  best  fit  to  a  multi  exponential  equation,  written  in  ALGOL  was  re¬ 
ported  by  Koizumi  et  al .  (1973).  Niebergal  et  al.  (1974)  have  recently 
published  a  computer  program  to  calculate  and  predict  plasma  levels 
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during  multiple  dosing  schemes.  COMPT,  a  time-sharing  program  for 
nonlinear  Regression  Analysis  of  Compartment  Models  was  recently  re¬ 
ported  by  Pfeffer  (1973). 

It  is  clear  from  the  preceding  introduction  that  the  kinetics  of 
absorption,  distribution  and  clearance  of  a  drug  in  the  body  can  be 
accounted  for  using  mathematical  models  and  that  computer  programs 
exist  for  fitting  models  to  experimentally  determined  parameters.  This 
in  turn  will  generate  a  series  of  pharmacokinetic  constants  which  can 
be  used  to  account  for,  interpret  and  predict  the  behavior  of  a  drug 
in  the  body. 


CHAPTER  II 

LITERATURE  REVIEW 
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Whilst  reviewing  the  literature  on  the  various  aspects  of  pharmaco¬ 
kinetics,  the  author's  attention  was  drawn  to  the  absence  of  pharmaco¬ 
kinetic  studies  on  the  substituted  succinimides ,  ethosuximide ,  meth- 
suximide  and  phensuximide.  These  agents  have  been  widely  used  as  anti¬ 
convulsants  in  the  treatment  of  petit  nal  epilepsy. 

Miller  and  Long  (1953a, b)  of  Park-Davis  Laboratories  had  been 
attracted  to  the  succinimide  ring  system  in  their  search  for  new 
anti -con vulsant  drugs  because  of  the  structural  similarities  between 
the  succinimide  ring  and  the  ring  system  of  known  anti -convulsant 
drugs  (Figure  3).  These  workers  synthesised  a  series  of  N-a,3- 
alkyl  succinimides  including  ethosuximide,  methsuximide  and  phensuximide. 
Chen  et  al .  (1951,  1963)  screened  these  substituted  succinimides  for 
anti -convulsant  activity  against  leptazol -induced  convulsions  in  rats. 

They  found  ethosuximide,  methsuximide  and  phensuximide  to  be  highly 
effective  anti -convul sants  in  this  test.  Subsequent  clinical  studies 
demonstrated  the  clinical  usefulness  of  these  agents  against  petit  mal 
epilepsy.  A  survey  of  the  literature  revealed  that  few  pharmacokinetic 
or  bi ©pharmaceutical  studies  had  been  carried  out  on  ethosuximide, 
methsuximide  or  phensuximide,  in  either  animals  or  man.  Most  of  the 
information  which  was  available  dealt  with  aspects  of  the  physiological 
disposition  of  these  agents  rather  than  looking  at  their  pharmacokinetics 
and  biopharmaceutics.  The  literature  available  on  these  agents  is 
reviewed  below. 

Ethosuximide. 

Zimmerman  and  Burgemeister  (1958)  and  Vossen  (1958)  reported  the  first 
clinical  use  of  ethosuximide  in  petit  mal  epilepsy  and  ethosuximide 
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Figure  3.  The  chemical  structures  of  substituted  succinimides 
showing  structural  similarities  with  other  anticonvulsants. 
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entered  therapeutics  as  the  drug  of  choice  for  petit  mal  epilepsy  in  1961. 

A  limited  study  of  the  blood  levels  of  ethosuximide  in  man  was 
reported  by  Hansen  and  Feldberg  (1964).  These  workers  showed  that  the 
drug  was  rapidly  absorbed  following  oral  administration.  A  single  dose 
of  750  mg.  gave  a  peak  plasma  level  of  15  mcg/ml .  2-4  hours  following 
administration.  The  level  of  the  drug  in  plasma  then  remained  nearly 
the  same  for  the  next  24  hours.  After  a  multiple  dosing  schedule  of 
250  mg.  orally,  three  times  a  day  for  12  days,  they  reported  a  plasma 
level  of  ethosuximide  ranging  between  35  and  55  mcg/ml.  reached  within 
4  days.  No  determination  of  the  biological  half  life  or  any  other 
pharmacokinetic  parameters  was  reported. 

Dill  et  al .  (1965)  studied  the  physiological  disposition  of 
ethosuximide  in  man,  monkey  and  rat,  but  the  details  of  their  findings 
were  not  published  until  recently. 

Haerer  et  al.-  (1970)  studied  the  blood  levels  of  ethosuximide  in 
epileptic  patients.  They  reported  levels  averaging  40  mcg/ml.  in 
children  and  young  adults  with  petit  mal,  or  mixed  seizure,  disorders. 
Buchanan  et  al .  (1973)  reported  mean  plasma  levels  of  33  mcg/ml.  in  five 
volunteers  receiving  a  daily  dose  of  500  mg.  ethosuximide,  orally,  for 
9  days.  The  biological  half  life  was  reported  to  be  56  hours  in  this 
study. 

The  biological  half  life  of  ethosuximide  has  been  shown  to  be 
species  dependent.  In  man,  the  biological  half  life  was  reported  to  be 
54  -  66  hours,  in  monkey  around  22  hours  and  in  rats  about  12  hours 
(Chang  et  al.,  1972).  Also  Sherwin  and  Robb  (1972)  have  reported  age 
related  differences  in  the  biological  half  life  of  ethosuximide. 

Buchanan  et  al .  (1969)  studied  the  blood  levels  of  ethosuximide  in 
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five  children  after  a  dose  of  Zarontin  syrup  or  Zarontin  capsules, 
orally.  They  reported  that  peak  plasma  levels  occurred  3-4  hours 
following  dosing.  They  reported  the  plasma  half  life  of  ethos uxi mi de  to 
be  shorter  in  children  than  in  adults  (children,  30  hours;  adults,  66 
hours).  These  workers  also  found  no  differences  between  the  total 
amount  of  ethosuximide  absorbed  from  the  syrup  or  capsule  dosage  forms. 

Sherwin  et  al .  (1973)  monitored  plasma  levels  of  ethosuximide  in 
70  patients  and  showed  that  this  resulted  in  improved  control  of  the 
patient's  epilepsy,  when  drug  levels  were  maintained  within  specified 
1 imits . 

Chang  et  al.  (1972)  summarized  most  of  the  information  on  the 
disposition  of  ethosuximide  in  a  text  on  anti -epileptic  drugs.  The 
summary  shows  that  ethosuximide  is  uniformly  distributed  throughout  the 
body,  following  administration  of  the  drug,  with  the  exception  of  fat. 
This  review  also  reports  that  the  total  urinary  excretion  of  unchanged 
ethosuximide  in  man,  monkey  and  rat  was  similar  and  ranged  from  13-19 
percent. 

The  metabolism  of  ethosuximide  has  been  studied  by  several  workers. 
Dill  et  al .  (1965)  took  urine  from  rats  and  monkeys  given  ethosuximide, 
treated  it  with  beta-glucuronidase  and  extracted  the  hydrolysate  with 
chloroform.  The  chloroform  extract  was  subjected  to  gas  chromatography. 
Five  peaks  due  to  metabolites  were  found  but  they  were  not  identified. 
Horning  et  al .  (1973a)  identified  four  monohydroxy  metabolites  of 
ethosuximide  in  the  urine  of  rat  and  man.  They  also  reported  that  in 
rat  more  unchanged  drug  than  metabolites  was  present  in  plasma.  In 
contrast,  in  man,  in  plasma  a  monohydroxy  metabolite  was  present  in 
larger  amounts  than  the  unchanged  drug.  In  this  study  metabolites 
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were  identified  by  gas  chromatography-mass  spectrometry. 

Orton  and  Nicholls  (1972a) , using  the  reduction  of  hexobarbital 
sleeping  time  as  a  measure,  claimed  ethosuximide  had  the  ability  to 
induce  hepatic  microsomal  enzymes.  Synthesis  of  porphyrins  was  not 
affected  in  this  study. 

Nahorski  (1972)  reported  that  ethosuximide  increased  the  brain/ 
blood  glucose  ratio  by  stimulating  the  transport  of  glucose  from  blood 
to  brain. 

The  survey  shows  that  no  detailed  pharmacokinetic  studies  have 
been  conducted  on  ethosuximide,  most  of  the  data  is  clinically  orient¬ 
ated  but  not  based  on  a  rational  pharmacokinetic  approach  to  the  use  of 
the  drug.  It  is  clear  that  the  drug  has  a  long  half  life  in  some  species 
and  that  all  species  studied  metabolise  the  drug. 

Methsuximide. 

Methsuximide  was  introduced  into  clinical  use  by  Zimmerman  (1951). 

It  differs  from  ethosuximide  in  structure  (Figure  3).  The  presence 
of  a  phenyl  substituent  in  the  succinimide  ring  has  been  postulated  to 
confer  protection  against  electroshock  convulsions.  The  a-methyl 
substituent  is  believed  to  confer  protection  against  leptazol  induced 
convulsions  (Glazko  and  Dill,  1972).  The  drug  has  been  reported  to  be 
effective  in  some  patients  with  refractory  petit  mal  epilepsy  (Schmidt 
and  Wilder,  1968)  and  it  has  been  used  occasionally  in  the  treatment 
of  psychomotor  disorders  (Livingston,  1966). 

Glazko  and  Dill  (1 972 )reviewed  most  of  the  available  information 
on  the  physiological  disposition  of  methsuximide.  In  rats,  after  oral 
administration  the  drug  has  been  shown  to  be  uniformly  distributed 
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throughout  the  body  tissues.  In  man,  a  single  oral  dose  of  1200  mg  of 
methsuximide  was  reported  to  produce  a  peak  plasma  level  of  12.8  mcg/ml 
within  one  hour  after  administration  of  the  drug.  The  reported  plasma 
half  life,  in  this  study,  was  between  2  and  4  hours.  It  was  noted  that 
multiple  dosing  reduced  the  half  life  of  the  drug  indicating  that  it 
may  induce  its  own  metabolism.  Nicholls  and  Orton  (1972),  using  Re¬ 
labelled  methsuximide,  showed  that  the  drug  was  rapidly  absorbed  when 
given  orally.  These  workers  recovered  26  per  cent  of  the  administered 
radioactivity  in  the  urine. 

The  metabolism  of  methsuximide  has  been  studied  by  several  workers. 
Glazko  and  Dill  (1972),  using,  gas  chromatography ,  detected  a  number  of 
metabolites  of  methsuximide  in  urine  after  deri vatisation  to  form 
trimethyl  si lyl  analogues,  but  none  of  the  metabolites  was  identified. 
Muni  et  al .  (1973)  identified  an  N-demethyl ated  metabolite  of  meth¬ 
suximide  using  gas  chromatography-mass  spectrometry.  Horning  et  al. 
(1973b)  have  identified  three  metabolites  of  methsuximide  in  the  urine 
of  rat,  guinea  pig  and  human  following  the  administration  of  the  drug. 
The  metabolites  were  characterized  as  N, 2-dimethyl -2(3, 4-di hydroxy-1 , 
5-cyclohexadien-l -yl )succinimide ,  and  the  two  isomeric  N, 2 -dimethyl 
-2 ( 3-hydroxypheny 1 ) succi n imi de . 

Orton  and  Nicholls  (1972b)  showed,  in  rats,  that  methsuximide 
could  induce  increased  metabolism  of  hexobarbital  and  itself  but  did 
not  affect  liver  synthesis  of  porphyrins.  In  contrast  to  this  latter 
finding  the  N-demethyl ated  metabolite  had  a  well-defined  porphyrino¬ 
gen  i c  effect  on  the  liver  of  chick  embryos. 

Acute  intoxication  due  to  methsuximide  is  rare  (Schulte  and  Good, 
1966)  but  recently  Karch  (1973)  reports  an  unusual  case  of  an  18  year 


old  girl  who  had  ingested  an  overdose  of  the  drug.  The  girl  was 
comatose  60  hours  after  ingestion  of  the  methsuximide.  During  the 
comatosed  condition,  high  levels  of  the  N-demethylated  metabolite  of 
methsuximide  were  found  in  her  plasma.  The  long  lasting  depression 
was  attributed  to  the  slowly  excreted  N-demethylated  metabolite  of 
methsuximide  since  the  plasma  half  life  of  methsuximide  was  very  short 
(3  hours). 

It  is  clear  from  this  literature  survey  that  little  systematic 
pharmacokinetic  work  has  been  performed  on  methsuximide.  More  attention 
appears  to  have  been  spent  on  the  metabolism  of  the  drug. 

Phensuximide. 

Zimmerman  (1951)  reported  the  first  clinical  use  of  phensuximide  in 
the  treatment  of  petit  mal  epilepsy.  Most  of  the  information  on  the 
physiological  disposition  of  phensuximide  has  been  summarized  by 
Glazko  et  al .  (1954)  and  Glazko  and  Di  1 1  (1972).  Rats  given  100  mg/kg 
of  phensuximide,  orally,  attained  a  peak  drug  plasma  level  within 
2  hours.  The  plasma  half  life  was  approximately  7  hours.  In  man, 
following  a  1.8  g  oral  dose  of  phensuximide,  the  peak  plasma  levels 
recorded  ranged  between  10  -  19  mcg/ml ,  within  four  hours  of  dosing. 

Administration  of  ^C-labelled  phensuximide  to  rats  demonstrated 
that  the  drug  was  relatively  uniformly  distributed  throughout  the 
animals.  Approximately  77  per  cent  of  the  administered  radioactivity 
was  recovered  in  the  urine.  The  drug  showed  little,  if  any,  protein 
binding  and  did  not  accelerate  its  own  metabolism  on  multiple  dosing. 

Some  work  on  the  metabolism  of  the  drug  has  been  done.  In  rats, 

N -demethyl at ion  occurs  to  only  a  small  extent.  In  man,  the  para- 
hydroxyl  ated  derivative  of  the  drug  has  been  reported  as  an  important 


metabolite  in  urine.  Dudley  et  al .  (1972)  studied  the  metabolism  of 
phensuximide  in  dog.  They  identified  the  N-demethylated  metabolite  of 
phensuximide,  but  it  was  present  in  only  trace  amounts,  and  a  product  of 
ring  cleavage,  levo-2-phenyl succinic  acid  (14%)  and  N-methyl-a- 
(p-hydroxyphenyl )  succinimide  (5%)  as  the  third  metabolite. 

The  review  of  the  literature  revealed  that  negligible  pharmaco¬ 
kinetic  information  was  available  on  ethosuximi de ,  methsuximide  and 
phensuximide.  Hence,  it  was  felt  that  a  pharmacokinetic  and  a  bio- 
pharmaceutical  investigation  of  the  three  succinimides  would  help  in 
attaining  a  better  understanding  of  the  absorption,  distribution  and 
metabolism  of  these  drugs.  It  would  also  help  to  justify  the  dosage 
forms  and  dose  regimens  usually  employed,  empirically,  in  clinical 
practice.  Therefore  a  systematic  pharmacokinetic  investigation  of  the 
succinimides  was  undertaken. 
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Assay  Methods  for  the  Determination  of  Succinimides 
in  Biological  Fluids  and  Tissue  Homogenates 
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A  sensitive,  selective,  reproducible,  rapid  method  of  estimation 
of  the  drug  is  essential  for  any  pharmacokinetic  or  biopharmaceutical 
study.  Although  methods  involving  measurements  of  the  radioactivity 
of  labelled  compounds  are  highly  sensitive  and  can  be  used  when  no  other 
methods  are  available  for  the  quantitative  analysis  of  a  drug,  they 
are  not  generally  suitable  for  pharmacokinetic  or  biopharmaceutical 
studies.  This  is  because  one  only  measures  the  'label'  and  cumbersome 
seperation  techniques  may  be  necessary  to  differentiate  the  labelled 
drug  from  its  labelled  metabolites.  Unless  this  is  done,  inaccurate 
estimates  of  the  pharmacokinetic  parameters  will  be  obtained  because 
each  metabolite  has  its  own  volume  of  distribution  and  other  pharmaco¬ 
kinetic  parameters.  Thus,  Chang  et  al .  (1972)  reported  that  the  half- 
life  of  labelled  ethosuximide,  determined  by  measuring  total  radio¬ 
activity  in  plasma,  was  three  times  longer  than  the  half-life  when  gas 
chromatography  was  used  to  estimate  the  drug. 

There  is  not  a  great  deal  of  information  in  the  literature  on 
the  estimation  of  these  anticonvulsant  drugs.  Phenyl  substituted 
anticonvulsant  drugs  have  been  determined  col ori metrically  by  nitration 
of  the  phenyl  ring,  followed  by  reduction  and  diazotization  of  the 
primary  amino  groups  (Huisman,  1966),  but  this  method  is  non-specific 
and  time  consuming  for  large  numbers  of  analyses. 

Phensuximide  has  been  determined  in  blood  and  urine  by  fl uorimetry , 
a  method  based  on  the  fact  that  the  drug  forms  a  fluorescent  product 
with  iodine  (Glazko  et  al.,  1954).  But  again  this  method  was  time 
consuming  and,  likely,  non-specific. 

A  semi -quantitative  thin  layer  chromatographi c  method  was  reported 
for  ethosuximide,  methsuximide  and  phensuximide  in  blood  (Gardner- 
Thorpe  et  al . ,  1971 ) . 
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The  dried  thin  layer  chromatography  silica  gel -coated  plates 
were  examined  under  U.V.  light  to  detect  methsuximide  and  phensuximide . 
Ethosuximide  was  detected  by  spraying  the  plates  with  mercurous  nitrate 
solution.  Hansen  and  Feldberg  (1964)  used  a  U.V.  method  for  the  est¬ 
imation  of  ethosuximide  in  blood.  The  method  depended  on  measuring  the 
absorbance  of  a  chloroform  extract  of  the  blood  sample  at  218  nm.  Blanks 
often  gave  high  readings  and  barbiturates  interfered  with  the  analysis. 
None  of  the  methods  discussed  so  far  met  the  requirements  of  a  pharmaco¬ 
kinetic  study. 

Attention  was  then  turned  to  the  use  of  chromatography .  Gas- 
liquid  chromatography  (GLC)  has  been  widely  used  for  the  analysis  and 
detection  of  drugs  in  body  fluids  and  tissues  (Jain  and  Kirk,  1967). 

A  number  of  authors  have  reported  the  use  of  gas  chromatography  in  the 
simultaneous  determination  of  a  number  of  anticonvulsant  drugs  (Solow 
and  Green,  1972;  Roger  et  al . ,  1973;  Pippenger  and  Gillen,  1969). 

Dill  et  al .  (1965)  reported  a  method  in  which  a  chloroform  extract  of 
acidified  blood  and  urine  was  chromatographed  using  a,a-dimethyl-3- 
methyl  succinimi de  as  an  internal  standard,  on  a  6-foot  column  packed 
with  5%  XE-60  on  Gas  Chrom  Z  at  155°C.  5 %  OV-17  on  Gas  Chrom  0,  (100/200 

mesh)  has  been  used  (Solow  and  Green,  1971;  Solow  and  Green,  1972)  to 
determine  ethosuximide  in  blood  following  deri vatization  of  ethosuximide 
with  tetramethyl ammonium  hydroxide  at  1 00° C .  Phensuximide  and  meth¬ 
suximide  have  also  been  determined,  on  the  same  column,  by  temperature 
programming  between  2 1 0° C  and  230°C.  Ethosuximide  and  phensuximide 
(Kleijn  et  al . ,  1973)  have  been  assayed  in  plasma  and  urine  by  GLC  on 
3 °l  0V-17  at  1 25 0 C  on  Gas-Chrom  0  80-100  mesh.  Naphthalene  was  used  as 
the  internal  standard  for  ethosuximide  and  di -n-butyl  phthalate  as  the 


internal  standard  for  phensuximide. 

GLC  appeared  to  offer  the  best  chance  of  finding  a  satisfactory 
method  of  analysis,  for  ethosuximide,  methsuximide  and  phensuximide, 
for  a  pharmacokinetic  study.  Accordingly  this  was  chosen  as  the  method 
to  be  used  in  the  studies  which  follow. 


CHAPTER  III 

AIMS  AND  OBJECTIVES  OF  THE  INVESTIGATION 
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The  objectives  of  the  studies  conducted  in  the  present  investi¬ 
gation  were  set  as  follows: 

1.  To  examine  existing  GLC  methods  for  estimating  ethosuximide , 
methsuximide  and  phensuximide  and  to  find  or  develop  a  method  which 
would  estimate  these  drugs,  in  small  quantities  of  blood,  plasma,  urine 
or  tissue  homogenates,  rapidly  and  reproducibly. 

2.  To  investigate  and  compare  the  pharmacokinetic  properties  of 
ethosuximide,  methsuximide  and  phensuximide  following  intravenous 
administration  to  rats. 

3.  To  look  for  evidence  of  dose  dependency  in  the  pharmacokinetics 
of  ethosuximide  following  intravenous  administration  of  the  drug  to 

rats . 

4.  To  study  the  multiple  dose  kinetics  of  ethosuximide  following 
oral  administration  of  the  drug  to  rats. 

5.  To  apply  the  pharmacokinetic  findings  in  a  study  of  the  systematic 
availability  of  ethosuximide  in  rats,  following  oral  administration  of 
the  drug. 

6.  To  examine  the  effect  of  various  pharmaceutical  adjuvants  on 
the  systematic  availability  of  ethosuximide  in  rats,  following  oral 
administration  of  the  drug. 

7.  To  investigate  the  urinary  excretion  of  ethosuximide  in  rats 
under  conditions  of  controlled  urinary  pH  or  in  the  presence  of 
probenecid. 


' 


CHAPTER  IV 

EXPERIMENTAL  METHODS  AND  RESULTS 
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1 .  ANALYTICAL  METHODOLOGY 


a .  Gas -Liquid  Chromatographic  Procedure. 

A  Perkin -Elmer3  990,  or  a  Hewlett-Packard^  5700  A,  gas  chromato¬ 
graph  equipped  with  a  dual  flame  ionization  detector,  a  strip  chart 
recorder  and  an  electronic  integrator0  was  used  for  the  analysis  of 
the  succinimides  in  this  study.  Seven  spiral  glass  columns  (4  ft.  x 
6  mm.  O.D.),  each  with  a  different  liquid  stationary  phase,  were  pre¬ 
pared  using  chromosorb  W(AW-DMCS),  80-100  mesh,  as  the  solid  support. 

The  liquid  stationary  phases  used  were:  XE-60  (Nitrile  Silicone  Gum) 
2.5%,  XE-60  5%,  0V-1  (High  Purity  Nonpolar  Dimethyl  Silicone  Gum)  3%, 
OV-17  (High  Purity  Polar  Phenyl  Methyl  Silicone)  3%,  OV-25  (High 
Purity  Polar  Phenyl  Methyl  Silicone)  3%,  0V-210  (High  Purity  Polar 
Trifluoropropyl  Silicone)  and  3%  OV-225  (High  Purity  Highly  Polar, 
Cyanopropyl  Phenyl  Silicone).  The  columns  were  conditioned  at  250°C 
for  24  hours  prior  to  use  in  the  analysis.  Helium  was  used  as  carrier 
gas  in  all  cases.  One  microliter  (mcl )  of  a  solution  (1  mg/ml)  of  a 
particular  drug,  dissolved  in  chloroform,  containing  a  suitable  internal 
standard  was  injected  Into  the  gas  chromatograph  using  a  10  mcl  syringe. 
The  settings  for  column  temperature,  detector  temperature,  injection 
port  temperature,  hydrogen  and  air  pressure,  and  helium  flow  rate  were 
varied  for  each  injection.  The  resulting  peaks,  due  to  drug  and  in¬ 
ternal  standard,  were  examined  with  respect  to  retention  time,  peak 
width,  peak  height,  symmetry  of  the  peak,  degree  of  tailing,  and  the 

?  Perkin -Elmer,  Norwalk,  Connecticut. 

°  Hewlett-Packard,  San  Diego,  California. 

c  Dinfortronics  CSR-208,  Columbia  Scientific  Industries,  Texas. 
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position  of  the  peaks  relative  to  the  solvent  peak.  (Two  consecutive 
peaks  were  considered  resolved  when  the  ratio  (T2  -  T])/(W2  "  ^  was 
greater  than  1;  where  T2  and  represent  the  retention  times  of  the  drug, 
and  the  internal  standard,  and  and  are  the  respective  peak  widths  at 
the  base.)  The  column  and  the  conditions  which  resulted  in  the  best 
peak  resolution  giving  symmetrical  narrow  peaks  with  maximal  peak 
height  were  selected  for  the  routine  analysis  of  the  succinimides  in 
the  blood,  urine,  and  tissue  homogenates. 

It  was  soon  apparent  that  XE-60  was  not  a  suitable  liquid  phase. 

Peak  resolution  was  poor,  considerable  tailing  occurred  and  the  peaks 
for  the  drugs  emerged  on  the  solvent  front.  Essentially  similar 
results  were  obtained  with  QV-1 ,  OV-17  and  OV-25 .  0V-210  gave  better 

results  but  the  best  column  was  3%  OV-225.  This  gave  good  resolution 
of  ethosuximide,  methsuximide  and  phensuximide.  It  was  found  empiri¬ 
cally  that  biphenyl  was  a  good  internal  standard  for  ethosuximide  and 
that  methsuximide  and  phensuximide  were  excellent  internal  standards 
for  each  other.  The  conditions  for  analysis  were  optimised  for  each 
drug.  These  are  summarized  in  Table  I. 

b.  Ethosuximide. 

The  efficiency  of  the  column  was  found  to  be  best  at  a  linear 
carrier  gas  velocity  of  40  ml /min.  The  maximal  number  of  theoretical 
plates,  found  at  this  gas  velocity,  was  1555  with  a  corresponding 
height  equivalent  to  one  theoretical  plate  of  0.1364  (HETP).  N,  the 
number  of  theoretical  plates  and  HETP  were  calculated  from  equations 
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TABLE  I 

The  optimal  conditions  for  the  gas  chromatographic  analysis  of  succini- 
mides  in  chloroform  extracts  of  blood,  urine  and  tissue  homogenates. 


Conditions 

Perkin-Elmer 

990 

Hewlett-Packard 
5700  A 

Column 

4  ft  x  6  mm  O.D. 
glass 

4  ft  x  6  mm  O.D. 
glass 

Sol  id  Support 

Chromosorb  W 
(AW-DMCS)  80-100 
mesh 

Chromosorb  W 
(AW-DMCS)  80-100 
mesh 

Staionary  phase 

3%  0V-225 

3%  OV-225 

Helium  flow  rate 

37  ml /min 

40  ml /min 

Air  inlet  pressure 

40  psig 

60-13  psig 

Hydrogen  inlet 
pressure 

24  psig 

17.5  psig 

Oven  Temperature3 

1 50°  C 

1 50 0  C 

Injection  porta 
temperature 

200°C 

200°C 

Detector  temperature9 

200°C 

200°C 

Chart  Speed 

0.5  in/min 

0.25  in/min 

Retention  time 
Ethosuximide 

5.6  min 

5.6  min 

Retention  time 

Biphenyl 

3.8  min 

3.8  min 

Retention  time 
Methsuximide 

3.7  min 

3.7  min 

Retention  time 
Phensuximide 

5.5  min 

5.5  min 

aFor  the  analysis  of  methsuximide  and  phensuximide  all  the  con¬ 
ditions  were  similar  except  the  oven  temperature  detector  temperature 
and  injection  port  temperature  were  raised  by  50°C. 


42 


N  =  16  (x/y)2 . (32) 

HETP  =  L/N . (33) 


where  N  was  number  of  theoretical  plates,  x  was  the  distance  from  the 
point  of  injection  to  the  center  of  the  peak  on  the  trace,  y  was  the 
peak  width  at  the  base,  and  L  was  the  length  of  the  column.  A  typical 
chromatogram  is  shown  in  Figure  4. 

(i)  Calibration  Curve  for  Ethosuximide  in  Chloroform. 

Standard  solutions  of  ethosuximide3  in  chloroform  in  the  range 
5-100  mcg/ml  were  prepared.  One  ml  of  each  respective  standard  solution 
was  pipetted  into  a  15  ml  conical  glass  centrifuge  tube  containing 
20  meg  of  biphenyl  in  50  mcl  of  chloroform  as  internal  standard.  The 
sides  of  the  tube  were  washed  down  carefully  with  about  5  ml  of  fresh 
chloroform  and  the  contents  well  mixed.  The  chloroform  was  then  evapor¬ 
ated  on  a  water  bath  at  65°C  to  about  100  mcl  volume.  One  to  5  mcl 
samples  of  the  concentrate  were  injected  into  the  column  of  the  gas 
chromatograph  maintained  at  the  specified  conditions  in  Figure  4. 

The  peak  areas  for  biphenyl  and  ethosuximide  were  determined  by  the 
electronic  integrator.  The  attenuator  setting  of  the  gas  chromatograph 
was  fixed  at  10  x  1  and  the  integrator  attenuator  setting  was  varied 
to  keep  the  detector  response  within  the  recorder  paper.  Each  deter¬ 
mination  was  made  in  triplicate.  A  calibration  curve  was  then  con¬ 
structed  by  plotting  the  ratio  of  peak  area  of  the  ethosuximide  to  the 
peak  area  of  biphenyl  against  the  known  amounts  of  ethosuximide  in  the 
chloroform  solution.  The  data  obtained  for  the  calibration  curve  of 

a  ZarontinR,  Lot  C427606,  Park,  Davis  and  Company,  Ltd., 

Brockville,  Ontario. 
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G.L.C  ASSAY  FOR  ETHOSUXIMIDE 

Figure  4.  Typical  chromatogram  of  a  plasma  extract  containing 
ethosuximide  with  biphenyl  as  internal  standard.  Instrument: 
Perkin-Elmer  990  Gas  Chromatograph. 
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ethosuximide  in  chloroform  for  each  gas  chromatograph  are  presented 
in  Table  Hand  Table  III.  Figure  5  and  Figure  6  illustrate  the  linear 
relationship  between  the  peak  area  ratio  of  ethosuximide  and  biphenyl 
and  amounts  of  ethosuximide  obtained  on  each  instrument.  Calibration 
curves  prepared  at  later  times  did  not  show  any  significant  change  in 
the  slope  of  the  calibration  line. 


TABLE  II 

Data  for  the  calibration  curve  for  ethosuximide  in  chloroform 
Instrument:  Perkin-Elmer  990  Gas  Chromatograph 


Ethosuximide 

(meg) 

Peak  Area 

Ratioa 

5.0 

0.119 

± 

0.002 

10.0 

0.242 

+ 

0.022 

20.0 

0.481 

+ 

0.034 

50.0 

1.192 

+ 

0.169 

100.0 

2.749 

+ 

0.243 

150.0 

4.369 

+ 

0.169 

aMean  of  three  determinations  with  standard  deviation  Slope  =  0.0292, 
Intercept  =-0.0689,  Correlation  Coefficient  =  0.995. 
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TABLE  III 

Data  for  the  calibration  curve  for  ethosuximide  in  chloroform 
Instrument:  Hewlett-Packard  5700  A  Gas  Chromatograph 


Ethosuximide 

(meg) 

Peak  Area 

Ratio3 

0.1 

0.002 

+ 

0.003 

0.5 

0.011 

+ 

0.001 

1.0 

0.022 

+ 

0.003 

10.0 

0.294 

+ 

0.029 

30.0 

0.897 

+ 

0.144 

60.0 

1.834 

+ 

0.056 

100.0 

3.313 

+ 

0.234 

aMean  of  three  determinations  with  standard  deviation  Slope  =  0.0327, 
Intercept  =  -0.0316,  Correlation  Coefficient  =  0.9962. 


Having  shown  that  it  was  possible  to  estimate  the  drug  in  chloroform, 
the  next  step  was  to  attempt  to  estimate  the  drug  in  blood,  plasma,  urine 
or  tissue  homogenates.  Solvent  extraction  was  used  successfully  in 
this  work. 

(ii)  General  Extraction  Procedure. 

Extraction  of  ethosuximide  from  blood,  urine,  or  tissue  homogenates: 
One  ml  of  urine,  or  50  mcl  of  blood,  or  50  mcl  of  tissue  homogenate  in 
saline,  was  pipetted3  into  a  15  ml  conical  glass  stoppered  centrifuge  tube 

a  Oxford  Laboratories  Micro  Pipett,  Fostercity,  California. 
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ETHOSUXIMIDE  (meg) 


Figure  5.  GLC  calibration  curve  for  ethos uxi mi de  in  chloroform. 
Instrument:  Perkin -Elmer  990  Gas  Chromatograph. 
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ETHOSUXIMIDE  (meg) 


Figure  6.  GLC  calibration  curve  for  ethos uxi mi de  in  chloroform. 
Instrument:  Hewlett-Packard  5700  A  Gas  Chromatograph. 


containing  20  meg  of  biphenyl  in  50  me!  of  chloroform  as  internal 
standard.  The  contents  of  the  tube  were  acidified  with  1  ml  of  1  N  HC1 
and  10  ml  of  chloroform  was  added.  The  tube  was  tightly  stoppered, 
clamped  in  place  in  a  box, and  shaken  on  a  mechanical  shaker  for  20 
minutes.  The  tube  was  then  centrifuged  in  an  Adams  Dynack  centrifuge 
model  CT-1300a  at  speed  setting  of  90  for  20  minutes.  The  chloroform 
layer  was  withdrawn  using  a  pasteur  pipette  and  transferred  to  a  clean 
conical  centrifuge  tube  and  evaporated  to  a  volume  of  approximately 
100  mcl  on  a  water  bath  maintained  at  65 0 C .  One  to  5  mcl  of  concen¬ 
trated  chloroform  extract  was  then  chromatographed  under  the  specified 
conditions  in  (i)  above. 

The  absolute  recovery  of  ethosuximide  from  blood,  urine  or  tissue 
homogenates  was  determined  by  extracting  in  triplicate  a  known  amount 
of  each  drug  from  'blank'  blood,  urine  or  tissue  homogenate  samples 
using  the  procedure  described  above.  The  amount  recovered  was  compared 
with  the  amount  found  in  a  chloroform  solution  of  each  drug  containing 
the  same  amount  of  drug,  using  the  same  procedure,  at  the  same  time. 

The  extraction  procedure  employed  was  very  efficient.  The  absolute 
recovery  of  ethosuximide  from  blood  was  found  to  be  98-100%.  The  re¬ 
covery  from  'blank'  rat  urine  was  96-103%.  The  recovery  from  the  tissue 
homogenates  or  feces  was  95-101%.  The  percent  recovery  of  ethosuximide 
from  rat  blood,  urine  or  tissue  homogenates  is  presented  in  Tables  IV, 

V,  VI  respectively. 


aClay  Adams,  Becton,  Dickerson  and  Company,  Parsippany,  New  Jersey. 


TABLE  IV 


Recovery  of  ethosuximide  from  blank  blood  of  rat 


Ethosuximide 

(meg) 

Recovered 

(meg) 

Recovery3 

(*) 

5.0 

4.91 

98.25  ±  3.77 

20.0 

19.93 

99.65  ±  3.50 

40.0 

39.85 

99.63  ±  3.70 

80.0 

80.52 

100.65  ±  3.95 

100.0 

99.95 

99.95  ±  3.25 

aMean  of  three 

determinations  with  standard 

deviation . 

TABLE  V 

Recovery  of  ethosuximide  from  blank 

urine 

Ethosuximide 

Recovered 

Recovery6 

(meg) 

(meg) 

5.0 

4.789 

95.78  ±  2.8 

20.0 

20.52 

102.6  ±  3.5 

40.0 

39.756 

99.39  ±  3.3 

80.0 

79.99 

99.98  ±  3.1 

100.0 

101 .25 

101 .25  ±  3.8 

aMean  of 

three 

determinations  with  standard 

deviation. 

ta 


TABLE  VI 


Recovery  of  10  meg  ethosuximide  added  to  1  g/ml  of  various 


tissue  homogenates  or  feces  or  1  ml  of  water 


Tissue 

samples 

Ethosuximide 
per  ml  of 
homogenate  (meg) 

Recovered 

(meg) 

Recovery3 

(*) 

Liver 

10.0 

9.74 

97.40  ±  3.1 

Lung 

10.0 

9.56 

95.60  ±  3.8 

Kidney. 

10.0 

9.88 

98.82  ±  3.5 

Heart 

10.0 

10.09 

100.90  ±  3.7 

Muscle 

10.0 

9.85 

98.52  ±  3.7 

Fat 

10.0 

9.64 

96.41  ±  3.2 

Brain 

10.0 

9.96 

99.55  ±  3.2 

Feces 

10.0 

10.08 

100.80  ±  3.7 

Water 

10.0 

10.10 

101.00  ±  3.5 

aMean  of  five  replicates  with  standard  deviation. 


(iii)  Calibration  Curves  for  Ethosuximide  in  Urine  and  Blood. 

Normal  urine  and  blood  was  collected  from  rats  which  had  never  re¬ 
ceived  any  drug.  Standard  solutions  of  ethosuximide  were  prepared  to 
contain  5-100  meg  of  drug  in  1  ml  of  urine,  or  50  mcl  of  blood  plasma. 
One  ml  of  urine  standard  solution,  or  50  mcl  of  blood  standard  solution, 
was  extracted  according  to  the  extraction  procedure  for  each  drug  and 
1  to  5  mcl  of  the  concentrated  chloroform  extract  was  chromatographed 
in  the  manner  described  earlier.  The  peak  area  ratio  of  respective 
drug  and  internal  standard  was  plotted  against  the  known  amounts  of 


respective  drug  in  blood  or  urine  sample.  Each  determination  was  made 
in  triplicate.  A  slight  difference  between  the  slopes  of  the  cali¬ 
bration  lines  of  ethosuximide  in  urine  and  blood  was  noticed  as 
illustrated  in  Figure  7. 

These  calibration  curves  were  repeated  every  3  months  but  they  re¬ 
mained  stable  during  the  period  of  this  study. 


(iv)  Reproducibi lity  of  the  Extraction  Procedure. 

The  reproducibility  of  the  extraction  procedure  from  blood,  urine, 
or  tissue  homogenates  was  confirmed  by  extracting  10  urine,  blood  or 
tissue  homogenate  samples  each  containing  10  mcg/ml  of  ethosuximide 
along  with  the  internal  standard  and  analyzing  for  the  drug. 

The  measure  of  the  reproducibility  of  the  extraction  procedure  in 
terms  of  the  standard  deviation  of  ten  analyses  of  blood,  urine  or 
tissue  samples  each  containing  10  meg  per  ml  or  per  gram  of  tissue  was 
±  2.0%. 

(v)  Precision  of  the  Assay. 

The  precision  of  the  estimation  procedure  was  determined  by  giving 
10  successive  injections  of  drug  solution  in  chloroform  together  with 
the  internal  standard  from  the  same  solution  during  a  2  hour  period. 

The  amounts  of  drug  calculated  from  each  injection  were  subjected  to 
statistical  analysis  and  the  precision  was  expressed  as  the  coefficient 
of  variation  of  the  mean.  The  precision  of  the  method, expressed  as  the 
coefficient  of  variation  of  the  mean  of  10  consecutive  determinations. 


was  found  to  be  2.02%. 
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ETHOSUXIMIDE  (meg) 


Figure  7.  GLC  calibration  curve  for  ethosuximide  in  urine  (U) 
and  blood  (B).  Yg  =  observed  peak  area  ratio  ethosuximide:  biphenyl 
in  blank  blood,  Yy  =  observed  peak  area  ratio  ethosuximide:  biphenyl 
in  blank  urine,  Rg  =  correlation  coefficient  for  ethosuximide  assay 
in  blood  extract,  Ry  =  correlation  coefficient  for  ethosuximide  in 
urine  extract. 
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(vi)  Deterioration  of  Samples. 

In  order  to  determine  any  deterioration  of  the  drug  prior  to 
extraction  after  collection  of  samples,  samples  were  kept  at  room 
temperature  for  24  hours  or  refrigerated  at  4°C  for  two  weeks  and 
analyzed  at  suitable  intervals. 

No  deterioration  of  ethosuximide  in  blood,  urine  or  tissue  homo¬ 
genates  occurred  when  stored  in  a  refrigerator  at  4°C  for  two  weeks  or 
at  room  temperature  for  24  hours. 


(vii)  Interfering  Peaks. 

No  interfering  peaks  were  found  in  the  blank  extracts  of  blood  or 
urine.  Figure  8  shows  the  good  peak  resolution  of  ethosuximide  and 
biphenyl  from  blood  and  urine  extracts. 


c.  Methsuximide . 

The  procedures  and  apparatus  used  have  been  listed  in'  Table  I 
and  described  under  b.  Ethosuximide. 

(i)  Calibration  Curve  for  Methsuximide  in  Chloroform. 

The  procedure  was  the  same  as  described  above  except  methsuximi dea 
was  substituted  for  ethosuximide.  The  internal  standard  used  was  20  meg 
of  phensuximide  in  50  mcl  of  chloroform  and  the  peak  area  ratio  plotted 

a  |T~ 

Celontin  ,  Lot  C427835,  Park,  Davis  and  Company,  Ltd.,  Brockville, 
Ontario. 


54 


L±J 

CO 

Z 

o 

Q- 

CO 

LU 

O' 

C£ 

O 

I— 

u 

L±J 

I— 

LU 

Q 


TIME  (minutes) 


Figure  8.  Typical  chromatogram  of  urine  extract  (ETU)  and  blood 
extract  (ETB)  for  ethosuximide .  S  =  Solvent  (Chloroform)  peak, 

BP  =  Biphenyl,  the  internal  standard,  and  ET  =  Ethosuximide. 
Instrument:  Hewlett-Packard  5700  A  Gas  Chromatograph.  Markings 
at  the  base  of  peak  shows  start  or  an  end  of  the  integration. 
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was  that  due  to  methsuximide/phensuximide  against  known  amounts  of 
methsuximide.  The  data  for  the  calibration  curve  of  methsuximide 
in  chloroform  are  presented  in  Table  VII.  Figure  9  depicts  the 
linear  relationship  between  the  peak  area  ratio  of  methsuximide  to 
phensuximide  and  amounts  of  methsuximide. 


TABLE  VII 

Data  for  the  calibration  curve  of  methsuximide  in  chloroform 
Instrument:  Hewlett-Packard  5700  A  Gas  Chromatograph 


Methsuximide 

(meg) 


Peak  Area  Ratio3 


5.0 

10.0 

30.0 

60.0 

100.0 

200.0 


0.265  ±  0.004 
0.528  ±  0.016 
1 .614  ±  0.122 
3.345  ±  0.027 
5.405  ±  0.325 
10.410  ±  0.536 


aMean  of  three  determinations  with  standard  deviation  Slope  =  0.0523, 
Intercept  =  0.0866,  Correlation  Coefficient  =  0.9978. 


(ii)  Extraction  Procedure. 

This  has  been  described  under  b.  Ethosuximide  above.  The  procedure 
used  for  blood  or  urine  was  similar  except  that  20  meg  of  phensuximide 
in  50  mcl  of  chloroform  was  used  as  internal  standard.  The  absolute  re¬ 
covery  of  methsuximide  from  blank  urine  samples  of  rat  was  101-106%  as 
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9.  GLC  calibration  curve  for  methsuximide  in  chloroform, 
Hewlett-Packard  5700  A  Gas  Chromatograph, 


shown  in  Table  VIII.  The  recovery  of  methsuximide  from  rat  blood 
was  93-107%  as  shown  in  Table  IX. 


TABLE  VIII 


Recovery  of  methsuximide  from  blank  urine. 


Methsuximide 

(meg) 

Recovered 

(meg) 

Recovery3 

(*) 

1.0 

1  .068 

106.820  ±  6.5 

10.0 

10.656 

106.560  ±  6.5 

100.0 

101.158 

101 .158  ±  4.5 

aMean  of  three 

determinations  with  standard 

TABLE  IX 

deviation . 

Recovery  of  methsuximide  from  blank 

blood. 

Methsuximide 

Recovered 

Recovery3 

(meg) 

(meg) 

(%) 

1.0 

0.929 

92.98  ±  10.2 

10.0 

10.708 

107.08  ±  5.2 

100.0 

102.268 

102.26  ±  3.5 

aMean  of  three  determinations  with  standard  deviation. 
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(iii)  Calibration  Curve  for  Methsuximi de  in  Blood. 

The  method  described  under  b.  Ethosuximide  (iii)  was  used. 
Phensuximide  was  used  as  internal  standard. 

( i v )  Reproducibility  of  the  Extraction  Procedure. 

This  was  found  to  be  similar  to  ethosuximide. 

(v)  Precision  of  the  Assay. 

This  was  determined  as  described  previously  under  ethosuximide. 
The  precision  of  the  assay  was  similar  to  the  ethosuximide  assay. 

(vi)  Deterioration  of  Samples. 

This  was  not  studied.  Samples  were  stored  at  4°C  until  assayed. 
The  storage  interval  was  kept  to  a  minimum. 

(vii)  Interfering  Peaks. 

No  interfering  peaks  were  found  in  blank  extracts  of  blood 


(Figure  10) . 
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Figure  10.  Typical  chromatogram  of  urine  extract  (UM)  and  blood 
extract  (BM)  for  methsuximide  and  phensuximide .  S  =  Solvent  (Chloro¬ 
form)  peak,  M  =  Methsuximide,  P  =  Phensuximide. 

Instrument:  Hewlett-Packard  5700  A  Gas  Chromatograph. 
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d.  Phensuximide 

The  procedures  and  apparatus  used  have  been  listed  in  Table  I 
and  described  under  b.  Ethosuximide. 


(i)  Calibration  Curve  for  Phensuximide  in  Chloroform. 

The  procedure  was  the  same  as  described  above,  except  phensuximi dea 
was  substituted  for  ethosuximide.  The  internal  standard  was  20  meg  of 
methsuximide  in  50  mcl  of  chloroform.  The  peak  area  ratio  phensuximide/ 
methsuximide  was  plotted  against  known  amounts  of  phensuximide.  The  data 
for  the  calibration  curve  of  phensuximide  in  chloroform  are  presented 
in  Table  X.  Figure  11  illustrates  the  linear  relationship  between  the 
peak  area  ratio  of  phensuximide  to  methsuximide  and  amounts  of  phen¬ 
suximide. 


TABLE  X 

Data  for  the  calibaration  curve  of  phensuximide  in  chloroform 
Instrument:  Hewlett-Packard  5700  A  Gas  Chromatograph 

Pherrsuximide  Peak  Area  Ratioa 

(meg) 


5.0 

10.0 

30.0 

60.0 

100.0 

200.0 


0.226  ±  0.003 
0.452  ±  0.012 
1  .367  ±  0.019 
2.767  ±  0.040 
4.532  ±  0.032 
9.103  ±  0.103 


aMean  of  three  determinations  with  standard  deviation  Slope  =  0.0455, 
Intercept  =  0.0042,  Correlation  Coefficient  =  0.9999. 


aMilontin^ 

Ontario. 


,  Lot  C42764,  Park,  Davis  and  Company,  Ltd.,  Brockville, 
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PHENSUXIMIDE  (meg) 


Figure  11.  GLC  calibration  curve  for  phensuximide  in  chloroform. 
Instrument:  Hewlett-Packard  5700  A  Gas  Chromatograph. 


(ii)  Extraction  Procedure. 


This  has  been  described  under  b.  Ethosuximide  (ii)  above.  The 
procedure  differed  only  in  the  use  of  20  meg  of  methsuximide  in  50  mcl 
chloroform  as  internal  standard. 

The  absolute  recovery  of  phensuximide  from  rat  blood  was  found  to 
be  between  91-100%.  The  recovery  of  phensuximide  from  rat  'blank' 
urine  was  85-100%.  Tables  XI  and  XII  list  the  percentage  recovery  of 
phensuximide  from  blood  and  urine  respectively. 


TABLE  XI 


Recovery  of  phensuximide  from  blank  blood. 


Phensuximide 

(meg) 

Recovered 

(meg) 

Recovery3 

(SO 

1.0 

0.911 

91  .07  ±  7.8 

10.0 

9.261 

92.60  ±  6.8 

100.0 

100.899 

100.89  ±  4.1 

aMean  of  three 

determinations  with  standard 

TABLE  XII 

deviation . 

Recovery  of  phensuximide  from  blank 

urine . 

Phensuximide 

Recovered 

Recovery3 

(meg) 

(meg) 

(20 

1  .0 

0.846 

84.26  ±  15.4 

10.0 

9.330 

93.30  ±  6.7 

100.0 

100.283 

100.28  ±  4.5 

aMean  of  three  determinations  with  standard  deviation. 


(iii)  Calibration  Curve  for  Phensuximide  in  Blood. 

The  method  described  under  b.  Ethosuximide  (iii)  was  used. 
Methsuximide  was  used  as  internal  standard. 

(iv)  Reproducibility  of  the  Extraction  Procedure. 

This  was  found  to  be  similar  to  ethosuximide. 

(v)  Precision  of  the  Assay. 

Determined  as  described  previously  under  ethosuximide.  The 
precision  of  the  assay  was  similar  to  the  ethosuximide  assay. 

(vi)  Deterioration  of  Samples. 

This  was  not  studied.  Samples  were  stored  at  4°C  until  assayed. 
The  storage  interval  was  kept  to  a  minimum. 

(vii)  Interfering  Peaks. 

No  interfering  peaks  were  found  in  blank  extracts  of  blood 
(Figure  10). 


e.  Confirmation  of  the  Identity  of  the  Peaks 
The  GLC  peaks  obtained  from  the  injection  of  chloroform  extracts  of 
blood,  urine  or  tissue  homogenates  at  the  retention  times  of  5.5  min 

c  o 

(150c)  and  3.7  min  and  5.5  min  at  200  C,  were  identified  by  GLC/mass  spec 
trometry  as  unchanged,  ethosuximide,  methsuximide  and  phensuximide  respec 
tively.  Figure  12  shows  authentic  mass  spectra  of  the  three  drugs ,  which 
were  identical  to  literature  spectra  (Locock  and  Coutts,  1970). 
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Figure  12.  Mass  spectrometric  identification  of  GLC  peak  due 
to  parent  drug.  E.  =  ethosuximide ,  M  =  methsuximide 5 
P  =  phensuximide. 


2.  PROTEIN  BINDING  STUDY 


The  equilibrium  dialysis  apparatus  for  study  of  protein  binding  was 
set  up  in  the  usual  manner  (Patel  and  Foss,  1965).  The  two  chambers  of 
the  plexiglass  dialysis  cells  were  separated  by  a  washed  seamless 
cellulose3  membrane.  10  ml  of  4%  bovine  serum  albumin^-fraction  V  (BSA) 
in  Krebs  solution,  adjusted  to  pH  7.4  was  added  to  one  chamber.  10  ml 
of  Krebs  solution  (pH  7.4)  containing  20.0,  200.0  or  1000.0  meg  of 
ethosuximide  was  added  to  the  other  chamber.  Three  dialysis  cells  were 
used  for  each  concentration  of  ethosuximide  studied,  and  three  dialysis 
cells  with  BSA  served  as  controls.  The  cells  were  then  agitated  on  a 
shaker  bath  at  37 0 C  until  equilibrium  was  established;  this  took 
approximately  20  hours.  The  concentration  of  ethosuximide  in  the  two 
chambers  of  the  test  cells  was  determined  at  the  end  of  the  equilibration 
time  using  100  mcl  samples  assayed  as  described  previously.  The  protein 
binding  of  ethosuximide  was  found  to  be  negligible.  Table  XIII  shows 
the  concentration  of  ethosuximide  in  the  two  chambers  of  dialysis  cell 
after  20  hours  equilibration  at  37 0 C . 


b  Fisher  Scientific  Co.  Ltd.,  Pittsburgh,  Pa. 
u  Armour  Pharmaceutical  Co.,  Chicago,  Ill. 


TABLE  XIII 


Ethosuximide  concentration  in  chamber  A  and  B  of  dialysis  cell  after 
24  hours  equilibrium  time  at  37 0 C  . 


Initial  Concentration 
of  Ethosuximide  in 
Chamber  A  (mcg/ml) 

Ethosuximide  Concen^ 
tration  in  Chamber  Au 
at  Equilibrium  (mcg/ml) 

Ethosuximide  Concen¬ 
tration  in  Chamber  Bc 
at  Equilibrium  (mcg/ml) 

20.0 

8.99  ±  0.35a 

9.85  ±  0.45 

.200.0 

101  .25  ±  3.50 

99.95  ±  2.9 

1000.0 

498.55  ±  10.50 

501.15  ±  10.2 

a  Mean  of  three  replicates, 
k  1  x  ICf^Vl  (4%)  Protein  solution  (10  ml)  BSA. 
c  10  ml  of  pH  7.4  Buffer. 
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3.  DRUG  DISTRIBUTION  BETWEEN  PLASMA  AND  RED  BLOOD  CELLS 

This  study  was  undertaken  to  find  out  if  it  would  be  satisfactory 
to  use  whole  blood  samples  instead  of  plasma  samples  to  measure  plasma 
levels  of  ethosuximide. 

Four  healthy  Wistar  rats  were  anesthetized  with  urethane  (1.25  g/kg, 
intraperitoneal ly) .  The  femoral  vein,  femoral  artery  and  the  trachea 
were  cannulated.  This  procedure  is  described  in  more  detail  later.  An 
intravenous  injection  of  ethosuximide  solution  containing  40  mg  of  drug 
in  dextrose/saline  injection  USP  was  administered  through  the  femoral 
vein.  50  mcl  whole  blood  samples  and  50  me!  plasma  samples  for  analysis 
for  ethosuximide  and  approximately  100  mcl  blood  samples  for  hematocrit 
determination  were  collected  prior  to,  and  at  various  time  intervals 
after,  administration  of  the  drug.  Samples  of  blood  for  hematocrit 
determination  were  collected  In  standard  hematocrit  tubes,  centrifuged, 
the  heights  of  the  separated  layers  measured  and  the  hematocrit  deter¬ 
mined. 

No  change  in  the  hematocrit  was  found  following  the  intravenous 
injection  of  ethosuximide  to  rats  during  the  study  period.  The  ratio  of 
the  concentration  of  ethosuximide  in  plasma  and  whole  blood  was  1.  It 
was  concluded  therefore  that  whole  blood  samples  gave  a  direct  measure 
of  the  amount  of  drug  in  plasma. 
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4.  BLOOD  LEVEL  STUDIES 
a .  Intravenous  Dosing 

Not  less  than  three  male  Wistar  rats  were  used  in  each  blood  level 

study.  The  rats  were  starved  for  24  hours  prior  to  the  blood  level 

study  and  anesthetized  with  an  intraperitional  injection  of  urethane 

(1.25  g/kg).  The  femoral  vein,  femoral  artery  and  the  trachea  were 

R  a 

cannulated  using  Intrademic  polyethylene  tubing  PE-50  or  PE-240 
respecti vely.  A  blank  blood  sample  (0.4  ml)  was  collected  from  femoral 
artery  into  heparinized  microsample  disposable  centrifuge  tubes*3  at 
zero  time  (just  prior  to  administration  of  the  dose).  Solutions  of 
ethosuximide,  methsuximide  and  phensuximide  were  prepared  separately 
in  dextrose/saline  injection  USP.  The  strength  of  the  solutions  pre¬ 
pared  was  as  follows:  ethosuximide:  3  mg/ml ,  5  mg/ml  and  40  mg/ml; 
methsuximide:  2.8  mg/ml  and  phensuximide:  4.2  mg/ml.  One  ml  of  a 
solution  of  ethosuximide  or  2  ml  of  a  solution  of  methsuximide  or  phen¬ 
suximide  was  administered  into  the  femoral  vein  of  the  rats  through  the 
venous  cannula.  The  cannula  was  flushed  with  physiological  saline  (0.9%) 
following  the  dose.  Blood  samples  (0.4  ml)  were  collected  at  various 
time  intervals  following  the  dose  from  the  femoral  artery  in  a  similar 
way  to  the  way  the  blank  blood  sample  was  collected.  The  contents  of 
the  tube  were  well  mixed,  stoppered  and  centrifuged0  for  25  minutes  at 
speed  setting  of  90.  A  50  mcl  sample  of  plasma  was  extracted  and  anal¬ 
yzed  for  free  drug  according  to  the  procedure  described  previously. 


aClay  Adams,  Becton,  Dickson  and  Company,  Parsippany,  N.J. 
^ Bel -Art  Products,  Pequannock,  N.J. 
cAdams  Dynack  Centrifuge  Model  CT-1300. 
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An  Oxford  sampler  Micro  Pipetting  system9  with  disposable  tips  was 
used  for  accurate  and  quick  measureing  of  plasma  samples  for  analysis. 

Following  the  intravenous  (I.V.)  injection  of  ethosuximide  to  rats 
at  dose  levels  of  40  mg,  10  mg,  5  mg,  and  3  mg,  the  blood  level  declined 
very  rapidly  within  20  minutes  and  thereafter  the  fall  in  blood  level  was 
very  slow  over  a  12  hour  period  following  the  injection.  Table  A-l 
(Appendix  A)  presents  the  plasma  level  data  for  rats  1  -  3  over  the 
period  of  12  hours  at  the  40  mg  dose  level.  Table  A-2  and  A-3  summarize 
the  plasma  level  data  for  six  rats  over  the  period  of  120  minutes  follow¬ 
ing  administration  of  the  40  mg  dose  of  ethosuximide  to  rats  4-9. 

Table  A-4  lists  the  plasma  level  data  following  10  mg  I.V.  dose  to  rats 
10  -  13,  and  the  plasma  level  data  following  administration  of  5  mg  I.V. 
dose  of  ethosuximide  to  rats  14  -  21  are  presented  in  Table  A-5.  Table  A-6 
shows  the  plasma  level  data  following  3  mg  I.V.  dose  of  ethosuximide  to 
rats  22  -  25.  Figure  13  shows  typical  plasma  level /time  profiles  for 
ethosuximide  at  four  dose  levels.  The  zero  time  plasma  concentration  of 
ethosuximide,  computed  according  to  a  two  compartment  open  model,  (dis¬ 
cussed  later,  see  page  112),  showed  a  linear  relationship  with  dose, 
indicating  the  absence  of  dose  dependent  kinetics  for  ethosuximide  within 
the  dose  range  studied.  Figure  14  shows  the  linear  relationship  between 
the  zero  time  plasma  concentration  and  intravenous  dose.  Wide  inter¬ 
subject  variations  in  plasma  half  life  of  ethosuximide  in  rats  following 
I.V.  dose  was  observed  as  shown  in  Figure  15;  however  the  plasma  half 
life  of  ethosuximide  in  rats  generally  ranged  between  12  -  18  hours. 


a0xford  Laboratories,  Fostercity,  California. 


PLASMA  CONC.  OF  ETHOSUXIMIDE  (mcg/ml) 


Figure  13.  Plasma  concentration -time  profile  of  ethosuximide 
following  I.V.  administration  at  various  dose  levels.  Rat  1  (40mg) , 
Rat  10  (10  mg).  Rat  14  (5  mg),  and  Rat  22  (3  mg). 


ZERO  TIME  PLASMA  CONC.  (mcg/ml) 
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DOSE  (mg) 


Figure  14.  Zero  time  plasma  concentration  as  a  function  of 
dose  for  ethos uxi mi de  following  I.V.  administration  to  rats.  Each 
point  represents  the  mean  of  data  obtained  from  at  least  three 
animals . 


=  95-110  mg/kg  DOSE 
=  35  mg  / kg  DOSE 
=  10-18  mg/kg  DOSE 
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BIOLOGICAL  HALF  LIFE  IN  HOURS 
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Plasma  level  data  following  intravenous  dose  of  methsuximide  to  rats 
26  -  28  are  presented  in  Table  A-7.  Table  A-8  shows  the  plasma  level  data 
following  intravenous  dose  of  phensuximide  to  rats  29  -31;  a  relatively 
fast  decline  in  the  plasma  level  of  methsuximide  and  phensuximide  was 
noticed.  A  semi  logarithmic  plot  of  the  plasma  concentration  of  ethosuxi- 
mide  (Figure  16),  methsuximide  (Figure  17)  and  phensuximide  (Figure  18) 
versus  time,  showed  a  biexponential  decay  of  the  drug  plasma  level,  fol¬ 
lowing  an  intravenous  dose,  indicating  the  need  of  a  minumum  of  a  two 
compartment  pharmacokinetic  model  for  the  analysis  of  the  plasma  level 
data . 

Some  pharmacokinetic  rate  constants  and  derived  pharmacokinetic 
parameters  obtained  from  blood  level  studies  following  the  intravenous 
dose  of  ethosuximide  are  summarized  in  Table  XIV.  Pharmacokinetic 
parameters  obtained  from  intravenous  dose  of  methsuximide  and  phensuxi¬ 
mide  are  shown  in  Table  XV. 


b.  Single  Oral  Dosing 

Three  male  Wistar  rats  weighing  between  300  -  400  g  were  starved  for 
24  hours  prior  to  the  study.  One  ml  of  a  solution  of  ethosuximide  (40 
mg/ml)  was  administered  orally  to  each  rat  by  means  of  an  oral  dosing 
needle  and  a  syringe.  Prior  to  and  following  the  oral  dose  of  the  drug, 
a  50  mcl  blood  sample  was  collected  from  tail  vein  using  50  mcl  heparin¬ 
ized  disposable  pipettes.  The  blood  samples  were  collected  at  5,  15, 
and  30  minutes  and  at  1,  2,  4,  8,  and  12  hours  following  the  dose.  The 
amount  of  unchanged  drug  present  in  the  blood  samples  was  determined  as 
described  previously. 


PLASMA  CONC.  OF  ETHOSUXIMIDE  (meg /ml) 
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Figure  16.  Plasma  concentration  (mcg/ml)  of  ethosuximide  (•) 
as  a  function  of  time  following  intravenous  administration  of  40  mg 
solution  dose.  (Rat  -  3).  (A)  Fast  phase  residuals,  (o)  Computer 
predicted  points.  A  =  130  mcg/ml,  B  =  98.8  mcg/ml,  a  =  0.0567/min, 

8  =  0. 00055/mi n. 


BLOOD  CONC.  OF  METHSUXIMIDE  (mcg/ml) 
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Figure  17.  Blood  level-time  profile  of  methsuximi de  following 
intravenous  dose  of  5.6  mg  to  rat  26  (©),  27  (o)  and  28  (a),  (o)  Fast 
disposition  phase  residuals.  A  =  16.7  ±  2.2  mcg/ml,  B  =  4.98  ±0.28 
mcg/ml  ,  a  =  0.14  ±  .0008  min-'  ,  and  6  =  0.00429  ±  0.00099  min-^ . 


Q>U 


BLOOD  CONC.  OF  PHENSUXIMIDE 
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Fiqure  18.  Blood  level -time  profile  of  phensuximide  following 
intravenous  administration  of  8.4  mg  dose  to  rats,  29  (©),  30  (o)  and 
31  (A).  (?)  Fast  disposition  phase  residuals.  A  =  13.7  ±  2.8  mcg/ml , 

B  =  17.1  ±  0.5  mcg/ml,  a  =  0.131  ±  0.016  min-1,  B  =  0.00535  ±  .0001  min-1. 
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TABLE  XIV 

Pharmacokinetic  parameters  of  ethosuximide  according  to  a  two  compartment 
open  model,  following  intravenous  injection  to  Wi star  rats. 


Parameters^ 

40  mg  Dose 

N  =  6 

10  mq  Dose 

N  »  4 

5  mg  Dose 

N  =  8 

3  mq  Dose 

N  =  4 

A  mcg/ml 

94,27  ± 

21.31  ± 

15.85  ± 

13.04  ± 

42a 

9.80 

8.30 

1.10 

B  mcg/ml 

121 .03  ± 

37.96  ± 

14.56  ± 

8.94  ± 

21.60 

2.60 

5.12 

2.39 

C°  mcg/ml 
(A  +  B) 

215.30 

59.27 

30.41 

21  .98 

a  hr  1 

5.77  ± 

7.392  ± 

5.57  ± 

13.8  ± 

2.22 

1.830 

2.28 

2.50 

6  hr'1 

0.075  ± 

0.041  ± 

0.032  ± 

0.109  ± 

0.068 

0.014 

0.016 

0.066 

Kct  hr""1 

2.128  ± 

3.43  ± 

3.43  ± 

7.970  ± 

0.41 

1.01 

1.18 

0.591 

Ktc  hr""* 

3.60  ± 

3.53  ± 

3.63  ± 

5.72  ± 

2.32 

1 .35 

1.15 

1.90 

Ktc/Kct 

1 .69 

1.03 

1  .050 

0.711 

K  hr"1 

0.119  ± 

0.061  ± 

0.064  ± 

0.241  ± 

0.085 

0.012 

0.034 

0.259 

e/K 

0.589  ± 

0.659  ± 

0.510  ± 

0.406  ± 

0.128 

0.118 

0.090 

0.058 

Vc  l 

48.21  ± 

60.50  ± 

47.42  ± 

32.20  ± 

Body  Weight 

8.3 

8.10 

9.30 

4.20 

Vt  % 

34.17  ± 

32.42  ± 

45.31  ± 

48.08  ± 

Body  Weight 

12.97 

12.90 

11.10 

14.15 

Vc/(Vc  +  Vt) 

0.593 

0.655 

0.513 

0.410 

A/a 

18.84 

4.020 

1  .99 

0.959 

T1/2  <hr) 

21.27  ± 

18.44  ± 

33.02  ± 

17.27  ± 

20.86 

6.70 

30.50 

16.49 

Standard  deviation. 

^Definition  of  the  symbols  see  Appendix  B. 
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TABLE  XV 


Pharmacokinetic  parameters  of  methsuximide  and  phensuximide  according 
to  two  compartment  open  model,  following  intravenous 
injection  to  Wistar  rats. 


Parameters^ 

Methsuximide 

N  =  3 

Dose  =  5.6  mg 

Phensuximi de 

N  =  3 

Dose  =  8.4  mg 

A  mcg/ml 

16.712  ±  2.24® 

13.73  ±  2.84 

B  mcg/ml 

4.980  ±  0.28 

17.13  ±  0.50 

C°  mcg/ml  (A  +  B) 

21.69 

30.86 

a  hr"1 

8.40  ±  0.08 

7.86  ±  1.63 

0  hr"1 

0.257  ±  0.093 

0.321  ±  0.034 

Kct  hr"1 

5.15  ±  0.59 

2.98  ±  0.46 

Ktc  hr"1 

2.2  ±  0.049 

4.65  ±  1 .51 

Ktc/Kct 

0.427 

1  .56 

K  hr"1 

0.982  ±  0.25 

0.554  ±  0.052 

e/K 

0.262  ±  0.06 

0.579  ±  0.13 

Vc  % 

Body  Weight 

65.77  ±  12.3 

67.91  ±  3.12 

Vt  % 

Body  Weight 

168.8  ±  27.3 

46.57  ±  16.6 

Vc/(Vc  +  Vt) 

0.280 

0.593 

A/a 

1 .98 

1.74 

Tl/2  hr 

3.02  ±  1.33 

2.18  ±  0.266 

Standard  deviation. 

^Definition  of  symbols  see  Appendix  B. 


A  semi -logarithmic  plot  of  blood  level -time  profile  for  etho- 
suximide  following  oral  administration  of  40  mg  dose  in  solution  to  a 
rat  is  shown  in  Figure  19.  The  elimination  rate  constant  K  was  deter¬ 
mined  from  the  slope  of  the  linear  portion  of  the  tail  end  of  plasma 
level-time  curve.  The  points  were  chosen  sufficiently  beyond  the  time 
during  which  absorption  or  distribution  phenomena  might  cause  deviation 
from  linearity.  The  ascending  portion  of  the  curve  was  subjected  to  a 
feathering  technique.  The  slope  of  the  feathered  line  gave  the  absorp¬ 
tion  rate  constant  Ka.  The  fraction  of  the  dose  absorbed  FD/V  was 
obtained  from  the  intercept  at  the  Y-axis  by  dividing  the  intercept 
value  by  Ka  and  multiplying  the  quotient  by  (Ka-K) .  Symbol  Aq  has 
been  used  in  Figure  19  to  denote  FD/V.  Plasma  level  data  from  rats 
32  -  34  following  an  oral  dose  of  ethos uxi mi de  in  solution  are  presented 
in  Table  A-9.  Graphical  estimation  of  area  under  the  plasma  level-time 
curve  is  illustrated  in  Figure  20.  The  peak  plasma  level  was  reached 
within  three  hours  following  the  oral  dose.  Best  estimates  of  pharmaco¬ 
kinetic  rate  constants  and  some  derived  pharmacokinetic  parameters 
according  to  a  'two'  compartment  open  model  analysis  of  the  plasma 
level  data  is  presented  in  Table  XVI. 


PLASMA  CONC.  OF  ETHOSUXIMIDE  (mcg/ml) 
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TIME  ( hrs) 


Fiaure  19.  Plasma  concentration  of  ethosuximide  (mcg/ml) 
as  a  function  of  time  following  40  mg  oral  solution  dose  to 
Rat  33.  (A)  Feathered  points. 


PLASMA  CONC.  OF  ETHOSUXIMIDE  (mcg/ml) 
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TIAAE  (hrs) 


R-34 


TIME  (hrs) 


Figure  20.  Typical  plasma  concentration-time  profile  of 
ethosuximide  (40  mg  dose)  following  I.V.  dose  to  Rat  -  3  and  oral 
dose  to  Rat  -  34.  Area  under  the  curve  (AUC)  was  determined  bv 
countinq  the  squares . 
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TABLE  XVI 

Pharmacokinetic  parameters  of  ethosuximide  according  to  a  'two' 
compartment  open  mode],  following  administration  of  40  mg  dose 
of  ethosuximide  in  solution. 


Parameters 

Rat  28 

Rat  29 

Rat  30 

Mean 

FD/V  (mcg/rnl ) 

165.73 

81.67 

101 .97 

116.45 

+ 

43. 8a 

Ka  (hr~b 

1 .04 

2.89 

2.01 

1.97 

± 

0.93 

K  (hr'1) 

0.086 

0.016* * 

0.038 

0.047 

+ 

0.03 

T1/2  (hr) 

8.1 

37.6* 

18.42 

21  .37 

+ 

8.6 

T  (hr) 

2.62 

1.75 

2.02 

2.13 

± 

0.44 

AUC*3  (meg. hr/ml) 

1484.0 

1088.0 

1149.0 

1240.0 

+ 

213 

aStandard  deviation. 

^To  12  hours  following  dose. 

*Not  reliable. 


c.  Multiple  Oral  Dosing 

Three  rats  were  given  40  mg  of  ethosuximide  every  12  hours  orally 
as  described  above.  Blood  samples  (50  mcl)  were  collected  as  described 
above  just  prior  to  administration  of  doses  at  12,  24,  36.  48,  60,  72, 

84,  96  and  108  hours  following  the  first  dose.  Following  the  last  dose, 
at  108  hours,  blood  samples  were  collected  at  112,  122  and  145  hours  to 
check  for  any  change  in  the  overall  elimination  rate  constant  during  the 
multiple  dosing  regimen.  The  unchanged  ethosuximide  in  the  blood  samples 
was  determined  in  the  usual  manner. 

Rats  32  -  34  received  40  mg  dose  of  ethosuximide  every  twelve  hours 
following  the  first  dose.  The  blood  concentration  of  ethosuximide  found 
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just  prior  to  subsequent  doses  is  presented  in  Table  A-10.  Figure  2] 
shows  the  relationship  between  the  computer  predicted  points  and  the 
observed  points.  A  two  compartment  model  seemed  to  predict  plasma 
concentration  values  fairly  close  to  observed  values.  Table  XVII  lists 
the  plasma  concentration  following  multiple  doses  in  Rat  34,  together 
with  predicted  values  according  to  one  or  two  compartment  models. 


TABLE  XVII 

Blood  concentration  of  ethosuximide  following  a  multiple  dose  regimen 
(40  mg  every  12  hours)  in  Rat  34 


Time® 

A 

(mcg/ml ) 

B 

(mcg/ml) 

C 

(mcg/ml ) 

D 

(mcg/ml) 

12.0 

61.85 

66.18 

66.0 

52.9 

24.0 

66.14 

108.3 

104.6 

74.74 

36.0 

121  .3 

135.2 

127.1 

83.37 

48.0 

66.02 

152.3 

140.3 

87.43 

60.0 

67.05 

163.2 

147.9 

88.96 

72.0 

56.22 

170.1 

152.4 

89.59 

84.0 

72.6 

174.5 

155.0 

89.85 

96.0 

62.6 

177.2 

156.5 

89.95 

108.0 

87.5 

179.1 

157.4 

90.0 

aTime  following  the  initial  dose,  A  =  observed  blood  concentration 
of  ethosuximide,  B  =  predicted  concentration  of  ethosuximide  accord¬ 
ing  to  one  compartment  model,  C  =  predicted  blood  concentration  of 
ethosuximide  according  to  a  two  compartment  model  assuming  K  =  3 
(Elimination  rate  constant  obtained  from  the  slope  of  slow  disposition 
phase),  D  =  predicted  blood  concentration  of  ethosuximide  according 
to  a  two  compartment  model  (K  =  aB/Ktc),  Ka  =  2.0066/hr,  K  =  0.11 85/hr , 
Kct  =  2.13/hr,  Ktc  «  3.6/hr,  3  =  0.0376/hr,  Vc  ^  0.2  L,  C  1  =  237  - 

262  mcg/ml ,  C  v  9  =  186  -  192  mcg/ml ,  where  maxn  and  max9m 
max  c  '  id 

refer  to  one  and  two  compartment  model  respectively. 


BLOOD  CONC.  OF  ETHOSUXIMIDE  (mcg/ml) 
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Figure  21.  Blood  level  of  ethosuximide  followina  oral  multiple 
dose  reaimen  (40  mg  everv  12  hours)  to  Rat  -  34,  as  a  function  of  time. 
(+)  Point  of  dosino  and  blood  sampling,  (©)  Observed  points,  (o)  Computer 
predicted  points  according  to  a  'two'  compartment  model,  (A)  Computer 
predicted  point  accordino  to  a  two  compartment  model  shere  K  =  6, 

(*)  Computer  predicted  points  accordino  to  a  two  compartment  model 
where  K  =  aB/Ktc . 


The  equations  34  -  36  were  used  to  predict  blood  levels  during  the 
multiple  dose  regimens  according  to  a  one  compartment  open  model. 

Ct  =  Ka(Ao}n  (e'Kt  -  e~Kat)  +  (CQ)n  e_Kt  .  .  .  (34) 

(Ka-K) 

( Dg/V ) n  =  (FD/V)  e‘Kat  .  (35) 

(Ao)n  =  (FD/V)n  +  ((FD/V)  e'KaT)n.-,  ....  (36) 

where  Aq  =  FD/V,  the  fraction  of  dose  available  at  the  absorption  site 
which  is  absorbed  per  volume  of  distribution.  is  the  concentration 
of  ethosuximide  in  the  blood  at  time  t,  Ka  is  absorption  rate  constant, 

K  is  elimination  rate  constant,  CQ  is  the  concentration  of  ethosuximide 
in  blood  at  the  start  of  the  nth  dosing  interval,  x  is  the  dosing  inter¬ 
val,  Dg  is  the  amount  of  ethosuximide  in  the  gut,  V  is  the  apparent 

volume  of  distribution,  ( FD/V )n  is  the  fraction  of  dose  absorbed  per 

-Kax 

volume  of  distribution  from  nth  dose  and  ((FD/V)  e~  )n_^  is  the 
fraction  of  dose  per  volume  of  distribution  which  is  remaining  in  the 
gut  from  previous  dose  for  absorption. 

Equations  used  for  the  prediction  of  blood  levels  during  multiple 
dose  regimen  according  to  a  two  compartment  open  model  were  the  same 
as  those  reported  by  Niebergall  et  al .  (1974).  The  computer  program 
reported  by  these  authors  was  modified  and  rewritten  in  FOCAL  language 
to  suit  our  Digital  PDP-8/La  computer  and  the  predicted  values  reported 
above  for  one  and  two  compartment  open  models  were  calculated.  Figure 
22  shows  the  predicted  and  observed  plasma  levels  of  ethosuximide  in 
man  according  to  one  and  two  compartment  open  models.  The  observed 

dDi gital  Equipment  Corporation,  Maynard,  Massachusetts. 
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Figure  22.  Plasma  concentration  of  ethosuximide  followina 
multiple  oral  dose  regimen  (250  ma  t.i.d.)  of  Zaronti n  syrup  ad¬ 
ministered  at  8:00  AM,  2:00  PM  and  6:00  PM  to  subject  1  (Hearer 
et  al . ,  1970).  (•)  Computer  predicted  points  according  to  one 

compartment  open  model  (Ka  =  2.85/hr,  K  =  0.0269/hr,  FD/V  =  46.5 
mca/ml  ,  from  Buchanan  et  al . ,  1969).  (*)  Observed  points.  (★) 

Predicted  points  according  to  two  compartment  open  model. 

(Ka  =  2.85/hr,  K  =  0.03/hr,  Kct  -  2.13/hr,  Ktc  =  3.6/hr  and 
V c  =  5.0  L) 


'A  * 
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plasma  levels  were  those  reported  by  Hearer  et  al.  (1970)  for  subject  1 
following  multiple  oral  dosing  with  Zarontin  (ethosuximide)  syrup,  dose 
250  mg  three  times  a  day.  The  value  of  FD/V,  the  fraction  of  dose  absorb¬ 
ed  per  volume  of  distribution,  was  that  reported  by  Buchanan  et  al .  (1969) 
for  their  subject  1.  Predictions  from  the  two  compartment  open  model 
were  found  to  fit  the  observed  data.  The  rate  constants  Kct  and  Ktc 
used  in  the  calculation  were  the  same  as  those  found  in  rats  since  the 
published  reports  did  not  contain  sufficient  information  to  determine 
the  needed  rate  constants.  It  was  assumed  that  the  rate  constants  Kct 
and  Ktc  were  not  much  different  in  man  and  rat.  Observed  and  predicted 
values  for  the  plasma  concentration  of  ethosuximide,  in  rats  32  and  33 
are  presented  in  Table  XVIII  and  XIX,  and  in  man  in  Table  XX. 


TABLE  XVIII 

Blood  concentration  of  ethosuximide  following  a  multiple  oral  dose 
regimen  (40  mg  every  12  hours)  to  rat  32. 


-r-  a 

Time 

(hr) 

A 

(mcg/ml ) 

B 

(mcg/ml ) 

C 

(mcg/ml ) 

12.0 

59.44 

106.7 

54.88 

24.0 

96.04 

172.7 

77.50 

36.0 

109.88 

213.5 

86.80 

48.0 

97.60 

238.8 

90.66 

60.0 

— 

254.4 

92.24 

72.0 

71 .99 

264.1 

92.89 

84.0 

66.90 

270.1 

93.16 

96.0 

81 .99 

271.8 

93.27 

108.0 

98.68 

276.1 

93.32 

aTime  following  the  initial  dose,  A  =  observed  blood  concentration 
of  ethosuximide,  B  =  predicted  blood  concentration  of  ethosuximide  accord¬ 
ing  to  one  compartment  open  model,  C  =  predicted  blood  concentration  of 
ethosuximide  according  to  two  compartment  open  model,  K  =  0.1185/hr, 

Ka  =  1.0387/hr,  Kct  -  2.13/hr,  Ktc  -  3.6/hr,  8  =  0.040/hr,  Vc  -  0.2L, 

C  v  i  =  373  -  393  mcg/ml ,  C  9  =  178  -  180  rncg/ml ,  - sample  lost. 

max  I  max  c. 


TABLE  XIX 


Blood  concentration  of  ethosuximide  following  multiple  oral  dose 


regimen  (40  mg  every  12  hours)  to  rat  33. 


Time3 

(hr) 

A 

(mcg/ml) 

B 

(mcg/ml ) 

C 

(mcg/ml ) 

12.0 

62.59 

51  .20 

52.32 

24.0 

52.40 

82.90 

73.88 

36.0 

45.50 

102.60 

82.76 

48.0 

70.80 

114.70 

86.42 

60.0 

114.20 

122.10 

87.93 

72.0 

81.50 

126.80 

88.55 

84.0 

79.60 

129.80 

88.81 

96.0 

75.50 

131.50 

88.91 

108.0 

75.90 

132.60 

88.96 

aT i me  following  the  initial  dose,  A  =  observed  blood  concentration 
of  ethosuximide,  B  =  predicted  blood  concentration  of  ethosuximide 
according  to  a  'two'  compartment  open  model,  C  =  predicted  blood  concen¬ 
tration  of  ethosuximide  according  to  a  two  compartment  open  model, 

Ka  =  2.89/hr,  K  =  0.11 85/hr 9  Kct  =  2.13/hr,  Ktc  =  3.6/hr,  6  =  0.04, 

Vc  =  0.2  L,  Cmax  1  =  197  -  202  mcg/ml ,  Cmax  2  =  195  -  197  mcg/ml . 
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TABLE  XX 

Observed  and  predicted  plasma  concentration  of  ethosuximide  in  man 
following  oral  multiple  dosing  (250  mg  t.i.d.).  Data  obtained 
from  Haerer  et  al.  (1970)  and  Buchnan  et  al .  (1969)  subject  1. 


Time3 

(hr) 

A 

(mcg/ml ) 

B 

(mcg/ml ) 

c 

(mcg/ml) 

6.0 

- 

39.9 

5.23 

12.0 

- 

73.9 

9.9 

24.0 

- 

127.5 

17.8 

48.0 

- 

1198.3 

29.1 

84.0 

- 

240.0 

38.93 

102.0 

- 

250.8 

41.84 

180.0 

- 

165.9 

47.37 

204.0 

- 

266.9 

47.98 

240.0 

39.0 

267.6 

48.49 

261.0 

- 

290.3 

51  .52 

264.0 

44.2 

267.8 

48.69 

266.0 

45.0 

- 

- 

267.0 

- 

290.3 

51.5 

268.0 

48.8 

- 

- 

270.0 

34.0 

267.8 

48.7 

294.0 

46.2 

267.9 

48.8 

318.0 

53.8 

268.0 

48.9 

357.0 

- 

290.5 

51  .82 

384.0 

- 

268.0 

49.0 

aTime  following  the  initial  dose.  A  =  observed  blood  concentration 
of  ethosuximide  in  subject  1  (Haerer  et  al  . ,  1970),  B  =  predicted 
blood  concentration  of  ethosuximide  according  to  a  'two'  compartment  open 
model,  where  Ka  =  2.85/hr  and  K  =  0.0269/hr,  and  FD/V  =  46.5  mcg/ml 
(Buchanan  et  al.,  1969),  C  =  predicted  blood  level  of  ethosuximide 
according  to  two  compartment  open  model,  where  Ka  =  2.85/hr,  K  =  aB/Ktc 
=  0.03/hr,  Kct  =  2.13/hr,  Ktc  =  3.6/hr,  3  =  0.02/hr  and  Vc  =  5.0  L, 

C  in  a  'two'  compartment  at  equilibrium  was  340  -  378  mcg/ml,  C  in 

maX  max 

two  compartment  model  at  equi librium  was  53.7  mcg/ml. 
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5.  IN-VIVO  AVAILABILITY  STUDY 

All  chemical  and  adjuvants  used  in  this  study  were  of  USP  grade. 
Dosage  forms,  other  than  commercial  preparations,  were  prepared  by 
vigorously  shaking  weighed  quantities  of  ethos uxi mi de  with  the  respec¬ 
tive  adjuvant  or  antacid  in  a  25  ml  screw  capped  vial  with  a  suitable 
vehicle.  All  dosage  forms  were  prepared  immediately  before  use.  The 
details  of  the  dosage  forms,  the  adjuvants  and  the  vehicles  used  are 
described  below. 

a)  Ethosuximide  solution  40  mg/ml  in  dextrose/saline 
injection  USP.  Dose  =  1  ml ,  intravenously. 

b)  Zarontin  Syrup,  Park- Davis  and  Company  (250  mg/5ml) 
lot  DB 115  purchased  from  Belvedere  Drugs,  Edmonton,  Alberta. 
Dose  =  0.8  ml ,  oral ly. 

c)  Ethosuximide  solution  40  mg/ml  in  dextrose/saline 
injection  USP  to  be  given  orally.  Dose  =  1  ml ,  orally. 

d)  Zarontin  Capsule,  Park -Davis  and  Company  (250  mg/capsule) 
contents  of  two  capsules  was  diluted  with  PEG-400  to  make 

10  ml.  Lot  DAI 27  purchased  from  supplier  listed  under  b. 

Dose  =  0.8  ml  orally. 

e)  Ethosuximide  400  mg  dissolved  in  1.5%  methycellulose 

(in  dextrose/saline  injection  USP)  to  make  10  ml.  Dose  -  1  ml 
orally . 

f)  One  g  activated  charcoal  and  400  mg  ethosuximide  sus¬ 
pended  in  dextrose/saline  injection  USP  to  make  10  ml. 

Dose  =  1  ml  orally. 


B 
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g)  Ethosuximide  400  mg  dissolved  in  olive  oil  to  make  10  ml. 

Dose  =  1  ml  orally. 

h)  One  g  of  calcium  phosphate  tri basic  and  400  mg  of  etho¬ 
suximide  suspended  in  dextrose/saline  injection  USP  to  make 
10  ml .  Dose  =  1  ml  oral ly . 

i)  One  g  calcium  chloride  and  400  mg  ethosuximide  dissolved 
in  dextrose/saline  injection  USP  to  make  10  ml.  Dose  =  1  ml 

orally. 

j)  One  g  of  calcium  carbonate  and  400  mg  of  ethosuximide 
suspended  in  dextrose/saline  injection  to  make  10  ml. 

Dose  =  1  ml  orally. 

k)  One  g  dried  aluminum  hydroxide  gel  and  400  mg  of  etho¬ 
suximide  in  dextrose/saline  injection  USP  to  make  10  ml. 

Dose  =  1  ml  orally. 

l)  One  g  magnesium  tri silicate  and  400  mg  ethosuximide 
suspended  in  dextrose/saline  injection  USP  to  make  10  ml. 

Dose  =  1  ml  orally. 

Protocol .  Thirty-six  male  Wistar  rats  weighing  between  300  and  500 
g  were  used  in  this  study.  The  rats  were  randomly  assigned  to  twelve 
treatment  groups  of  three  rats  each.  A  completely  random  design  (Steel 
and  Torrie,  1960)  was  used  in  this  investigation.  The  rats  were  fasted 
for  24  hours  prior  to  treatment  but  water  was  made  available  for  drink¬ 
ing.  On  the  day  of  the  experiment  the  rats  in  a  particular  treatment 
group  received  their  treatment  by  the  appropriate  route.  Fifty  mcl 
blood  samples  were  collected  from  a  tail  vein  at  0,  0.5,  1.0*  2.0, 

3.0,  6.0,  9.0*  and  12.0  hours  following  the  dose.  The  concentration  of 
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ethosuximide  in  the  blood  samples  taken  at  the  various  times  was  deter¬ 
mined  according  to  the  procedure  described  earlier. 

The  blood  levels  of  ethosuximide  in  rats  after  a  number  of  different 
treatments  is  presented  in  Table  A-l ,  Table  A-9  and  Tables  A-l 1  to  A-20. 
The  area  under  the  blood  concentration-time  curve  for  each  animal  was 
determined  by  counting  the  squares  under  the  curve  as  illustrated  in 
Figure  20  for  an  I.V.  and  an  oral  dose  of  ethosuximide  solution.  The 
graphical  estimates  of  the  absorption  rate  constant,  Ka,  the  elimination 
rate  constant,  K,  and  the  fraction  of  dose  absorbed  per  volume  of 
distribution,  FD/V,  from  the  blood  data  of  each  animal  were  determined 
as  illustrated  in  Figure  19  and  described  earlier  under  the  blood  level 
study.  The  best  estimates  of  various  pharmacokinetic  parameters  deterr 
mined  by  digital  computer  least-square  iteration  using  program  ' NONL I N 1 
are  summarized  in  Table  XXI. 

A  typical  plasma  level -time  curve  following  treatment  with  the 
various  formulations  studied  are  illustrated  in  Figure  23.  The  influ¬ 
ence  of  various  formulations  and  adjuvants  on  the  systemic  availability 
of  ethosuximide  is  shown  in  Figure  24.  The  area  under  the  plasma  level  - 
time  curve  for  the  intravenous  dose  was  used  as  a  reference  for  the 
computation  of  the  percent  systemic  availability  of  ethosuximide  in 
rats  over  12  hour  period. 
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Fiaure  23  Typical  plasma  level-time  curve  for  various 
formulations  of  ethosuximide  in  male  Wistar  rats,  (o)  Rat  3; 
(•)  Rat  33;  (a)  Rat  34;  (a)  Rat  39;  (a)  Rat  55;  (a)  Rat  51; 
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FORMULATION 


Figure  24.  Percent  systemic  availability  of  ethosuximide  from 
different  formulations  over  the  12  hours  following  dosing.  A  =  etho¬ 
suximide  solution  I.V.;  B  =  Zarontin  syrup  oral;  C  =  ethosuximide 
solution  oral;  D  =  Zarontin  capsule  contents  with  PEG-400;  E  =  C  + 

1.5%  methylcellulose;  F  =  C  +  activated  charcoal;  G  -  ethosuximide  in 
olive  oil;  H  =  C  +  calcium  phosphate  tri basic;  I  =  C  +  calcium  chloride; 

J  =  C  +  calcium  carbonate;  K  =  C  +  dried  aluminum  hydroxide  gel; 

L  =  C  +  maanesium  trisilicate;  j  =  standard  deviation. 

*Statisti cally  significant  reduction  in  percent  systemic  availability. 


TABLE  XXI 

Influence  of  formulation  and  formulation  variables  on  the  pharmacokinetic  parameters  of  ethosuximide  in 
Wistar  rats.  (Blood  level  data  analyzed  according  to  two  compartment  open  model  using  program  NONLIN) 

Dose  =  40  mg 
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6.  URINARY  EXCRETION  STUDY 

The  urinary  excretion  of  ethosuximide  in  rats  was  studied  under  four 
treatment  conditions,  uncontrolled,  acid,  alkaline  and  probenecid.  Ex¬ 
perimental  details  of  the  study  under  each  treatment  are  described  below. 

a)  Urinary  excretion  study  of  ethosuximide  under  uncontrolled 
urinary  pH.  Three  healthy  male  Wistar  rats  weighing  540,  486  and  457  g 
were  starved  for  24  hours  and  placed  in  individual  metabolism  cages  with 
water  but  no  food.  Blank  urine  samples  were  collected.  The  rats  were 
then  given  40  mg  of  ethosuximide  solution  orally.  The  urine  excreted, 
along  with  the  washings  of  the  metabolism  cages  was  collected  at  12.5, 
24.5,  36,  48.5,  60.5,  72.5,  84.5,  and  98  hours  following  the  oral  dose. 
The  urines  were  stored  at  4°C  until  analyzed.  The  volume  of  the  urine 
together  with  washings  from  the  cage  was  accurately  measured  (range 

30  -  100  ml).  A  1  ml  aliquot  of  the  diluted  urine  was  analyzed  for  free 
ethosuximide  as  described  previously.  The  rats  were  fed  regular  diet 
12  hours  following  the  oral  dose. 

b)  Urinary  excretion  study  of  ethosuximide  under  controlled  acid 
urinary  pH.  Three  healthy  male  Wistar  rats  weighing  400,  380  and  390  g 
respectively  were  starved  for  24  hours  and  given  2  ml  of  25%  ammonium 
chloride,  orally,  twice  a  day  on  the  day  before  and  during  the  trial. 
Ammonium  chloride  has  been  used  as  urinary  acidifier  in  drug  excretion 
studies  (Portnoff  et  al.,  1961).  A  urine  sample  was  collected  from  each 
rat  before  dosing  and  its  pH  was  measured.  Ethosuximide  (40  mg)  was 
administered  and  urine  samples  collected  at  3,  6,  19,  27,  43,  66,  78, 
and  92  hours  following  oral  dosing  and  free  drug  analyzed  as  described 
previously. 


97 


c)  Urinary  excretion  study  of  ethosuximide  under  controlled 
alkaline  urinary  pH.  Procedure  was  the  same  as  under  (b)  above  using 
rats  weighing  390,  400  and  380  g  except  that  instead  of  ammonium  chloride, 
2  ml  of  25%  sodium  bicarbonate  slurry  was  administered  to  rats,  orally, 
twice  a  day  on  the  day  before  and  during  trial  to  render  the  urine 
alkaline. 

d)  Urinary  excretion  study  of  ethosuximide  under  influence  of 
probenecid  treatment.  Three  healthy  rats  weighing  400,  420  and  444  g 
were  starved  as  under  (a)  and  treated  with  100  mg  of  probenecid,  orally, 

(2  ml  of  5%  suspension),  twice  a  day  on  the  day  before  and  during  trial. 
The  rats  were  dosed  orally  with  40  mg  of  ethosuximide  as  under  (a), 

(b)  and  (c)  and  urine  samples  collected  at  3,  6,  22,  33.5,  47.5  and  75 
hours  following  oral  dosing.  Blank  urine  samples  were  collected  before 
dosing.  Unchanged  ethosuximide  was  determined  in  urine  as  described 
previously . 

The  pH  of  the  urine  of  uncontrolled  (untreated)  rats  or  rats 
treated  with  probenecid  (250  mg/kg)  was  6.4  -  7.0;  and  the  pH  of  the 
urine  of  rats  treated  with  ammonium  chloride  ranged  between  5.0  -  5.5; 
while  the  pH  of  the  urine  of  rats  treated  with  sodium  bicarbonate  was 
8.0  -  8.3.  The  urinary  excretion  data  from  the  rats  in  each  treatment 
group  are  presented  in  Tables  A-21  to  A-33.  Figure  25  shows  the  typical 
cumulative  urinary  excretion  of  unchanged  ethosuximide  as  a  function  of 
time  in  a  rat  from  each  treatment  group.  Table  XXII  shows  the  mean 
cumulative  urinary  excretion  of  ethosuximide  in  rats  under  uncontrolled 
urinary  pH  and  in  rats  under  probenecid  treatment.  The  mean  cumulative 
urinary  excretion  of  ethosuximide  in  rats  under  acid  urinary  pH  and 


CUMULATIVE  AMOUNT  ETHOSUXIMID 


Fiaure  25.  The  cumulative  urinary  excretion  of  unchanqed 
ethosuximide  under  various  treatments. 
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under  alkaline  urinary  pH  is  shown  in  Table  XXIII.  Figure  26  illus¬ 
trates  the  cumulative  amount  of  unchanged  ethosuximide  excreted  in  the 
urine  following  the  oral  dose  of  each  treatment.  The  cumulative  amount 
of  unchanged  ethosuximide  excreted  in  the  urine  was  obtained  by  success¬ 
ively  adding  the  amount  of  ethosuximide  excreted  at  various  times  to  the 
total  amount  excreted  at  the  previous  time. 

TABLE  XXII 

Mean  cumulative  urinary  excretion  data  for  ethosuximide  in  male  Wistar 
rats  under  uncontrolled  urinary  pH  and  under  probenecid  treatment 
Dose  =  40  mg  ethosuximide  solution  in  dextrose  saline  injection  USP 


Urine  Sample  Collection  Ethosuximide  Excreted  Unchanged 


Time  Following  Dose 
(hr) 

Uncontrolled  Treatment 
pH  (6.4  -  7.0) 

(meg) 

Probenecid  Treatment 
pH  (6.4  -  7.0) 
(meg) 

3.0 

.. 

507.7  ±  593.0 

6.0 

- 

941 .0  ±  878.0 

12.5 

2684.0  ±  359. 0a 

- 

22.0 

- 

3270.0  ±  725.0 

24.5 

4181 .0  ±  302.0 

- 

33.5 

- 

3885.0  ±  630.0 

36.0 

5103.0  ±  706.0 

- 

47.5 

- 

4593.0  ±  725.0 

48.5 

5635.0  ±  807.0 

- 

60.5 

5869.0  ±  882.0 

- 

72.5 

6020.0  ±  908.0 

- 

75.0 

- 

4875.0  ±  731.0 

84.5 

6085.0  ±  929.0 

- 

98.0 

6153.0  ±  976.0 

- 

Mean  Percent 

Dose  Excreted 

15.38 

12.18 

aStandard  deviation 

(N  =  3) 

MEAN  CUMULATIVE  ETHOSUXIMIDE  EXCRETED 

(meg) 


100 


Figure  26.  Mean  cumulative  unchanged  ethosuximide  excreted 
in  the  urine  under  various  treatments. 
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TABLE  XXIII 

Mean  cumulative  urinary  excretion  data  for  ethosuximide  in  male  Wistar 
rats  under  acid  and  alkaline  treatments 
Dose  =  40  mg  ethosuximide  solution  in  dextrose  saline  USP 


Urine  Sample  Collection 
Time  Following  Dose 
(hr) 


Ethosuximide  Excreted  Unchanged 
Acid  Treatment  Alkaline  Treatment 

pH  (5.0  -  5.5)  pH  (8.0  -  8.3) 

(meg)  (meg) 


Mean 

Dose 


3.0 

212.6 

± 

29. 53a 

895.6 

+ 

64.5 

6.0 

706.0 

+ 

33.04 

1256.5 

+ 

160.3 

19.0 

2136.3 

+ 

355.0 

2285.0 

+ 

251.8 

27.0 

2633.3 

± 

377.0 

2690.0 

+ 

207.5 

43.0 

3519.0 

+ 

452.0 

3880.0 

± 

932.0 

66.0 

4047.0 

+ 

477.0 

4445.0 

+ 

1189.0 

78.0 

4233.0 

+ 

489.0 

4607.0 

+ 

1211  .0 

92.0 

4347.0 

+ 

485.0 

4741.0 

+ 

1232.0 

Percent 

excreted 

10.86 

11.85 

aStandard  deviation  (N  =  3) 


The  urinary  excretion  rate  was  obtained  by  dividing  the  amount  of 
ethosuximide  excreted  unchanged  during  a  given  interval  of  time  by  the 
value  of  the  time  interval.  The  time  for  the  excretion  rate  thus 
obtained  was  taken  as  the  mid  point  of  the  interval  (mean  time).  The 
excretion  rate  values  and  the  respective  mean  times  are  listed  in 
Table  A-21  to  Table  A-33  for  each  treatment. 

A  typical  semi logari thmi c  plot  of  excretion  rate  versus  time  for 
ethosuximide  is  shown  in  Figure  27  and  Figure  28.  Similar  plots  were 
constructed  from  data  for  each  animal.  The  slope  of  the  linear  portion 
of  the  semi  logarithmic  plot  was  used  to  calculate  the  elimination  rate 


ETHOSUXIMIDE  EXCRETION  RATE  (meg  /hr) 
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MEAN  TIME  (hours) 

Figure  27.  Semi logari thmic  plot  of  urinary  excretion  rate  as 
a  function  of  time  in  Rat  68  following  40  mg  oral  dose  of  ethos uxi mi de . 
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MEAN  TIME  (hrs) 


Figure  28.  The  urinary  excretion  rate -time  profile  of  unchanged 
ethosuximide  under  various  treatments  in  male  Wi star  rats,  following 
the  oral  administration  of  40  mg  ethosuximide  in  dextrose  saline 
injection  USP. 
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constant,  K,  as  illustrated  in  Figure  27.  The  best  fit  to  the  linear 
portion  of  excretion  rate-time  points  was  obtained  by  log-linear 
regression  analysis  using  a  Digital  PDP-8/L  computer  using  the  program 
listed  in  Appendix  B.  The  elimination  rate  constant  calculated  from 
the  mean  excretion  rate  data  for  each  treatment  group  was  not  much 
different  from  that  obtained  from  the  excretion  rate  data  of  each  indi¬ 
vidual  animal  under  that  treatment  group  averaged  together.  Thus, 
inter-animal  variation  was  quite  small  under  these  conditions.  The 
elimination  rate  constant  was  also  obtained  from  a  semi logari thmic  plot 
of  percent  of  unchanged  ethosuximide  remaining  to  be  excreted  as  a 
function  of  time,  according  to  Nelson  (1961b).  This  is  illustrated  in 
Figure  29.  The  percent  of  unchanged  ethosuximide  excreted  was  based 
on  the  cumulative  amount  of  ethosuximide  excreted  unchanged  at  time 
infinity.  The  elimination  rate  constants,  K,  obtained  by  the  two 
methods  mentioned  above  were  in  close  agreement  with  the  value  obtained 
from  the  blood  level  data. 

The  urinary  excretion  rate  constant,  Ku,  was  computed  from  the  Y 
intercept  value  of  the  semi logari thmic  plot  of  excretion  rate  versus 
time  (Figure  27)  using  Ka,  the  absorption  rate  constant,  and  F,  the 
fraction  of  dose  absorbed,  values  obtained  from  blood  level  study.  The 
Y  intercept  value  was  multiplied  by  (Ka-K)  and  divided  by  FDKa.  The 
K  used  in  this  calculation  was  obtained  from  the  slope  of  excretion 
rate-time  plot  for  that  particular  rat,  FD  is  the  fraction  of  dose 
absorbed.  The  excretion  rate  constant,  Ku,  was  also  calculated  from 
the  relationship:  Ku  =  (DE^.K/FD.  The  values  of  Ku  obtained  by 
these  two  methods  were  similar.  The  (DE)^  value  was  obtained  from  the 
mean  cumulative  plot  (Figure  26).  The  clearance  of  unchanged 
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Figure  29.  Percent  of  unchanged  ethos uxi mi de  remaining  to  be 
excreted  as  a  function  of  time  following  40  mg  oral  dose  to  Rat  64. 
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ethosuximide  was  determined  from  the  slope  of  the  excretion  rate 
versus  plasma  concentration  data  obtained  from  six  rats,  as  illustrated 
in  Figure  30.  Table  XXIV  shows  the  data  used  for  clearance  calculation. 
Various  pharmacokinetic  parameters  for  urinary  excretion  of  unchanged 
ethosuximide  are  summarized  in  Table  XXV. 


TABLE  XXIV 


Mean  plasma  concentration  and  mean  urinary  excretion  rate  of  unchanged 
ethosuximide  in  male  Wistar  rats  following  oral  administration 
of  40  mg  ethosuximide  solution. 


Time 


Excretion  Rate 


Plasma  Concentration 


(hr) 


(mcg/hr) 
N  =  3 


(mcq/ml ) 
N  =  3 


6.25 

18.5 

30.25 

42.25 

54.5 

66.5 
78.7 

89.5 


230.0  ±  27. 0a 
119.82  ±  23.8 
104.53  ±  42.46 
47.86  ±  10.36 
33.25  ±  25.0 
19.47  ±  13.29 
8.43  ±  4.75 
6.61  ±  4.03 


90.33  ±  18.8 
41.07  ±  6.2 
19.35  ±  2.1 
8.98  ±  1 .0 

4.1  ±  0.5 

1.9  ±  0.2 

0.87  ±  0.1 
0.44  ±  0.05 


Standard  deviation. 
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Figure  30.  Urinary  excretion  rate  of  unchanged  ethosuximide 
as  a  function  of  plasma  concentration  of  unchanged  ethosuximide. 
Each  point  is  mean  of  the  data  from  six  rats. 
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TABLE  XXV 

Urinary  excretion  pharmacokinetic  parameters  of  ethos uxi mi de,  according 
to  a  two  compartment  open  model,  following 
oral  administration  to  male  Wistar  rats 
Dose  =  40  mg  solution 


Parameters 

Uncontrolled 

Treatment 

N  =  3 

Alkaline 

Treatment 

N  =  3 

Aci  d 

Treatment 

N  =  3 

Probenecid 

Treatment 

N  =  3 

Ku  , 

(hr"1) 

0.008  ± 
0.001 

0.004  ± 
0.001 

0.004  ± 
0.001 

0.007  ± 

0.002 

Maximum  Excre¬ 
tion  Rate 

220.0  ± 
13.8 

298.0  ± 
12.4 

164.5  ± 
5.6 

232.0  ± 

80.6 

Peak  Excretion 
Time 

6.25  ± 
0.14 

1.5  ± 

0.0 

4.5  ± 
0.0 

10.83  ± 

5.4 

Kab  , 

(hr’1) 

1.97  ± 
0.93 

- 

- 

- 

Tl/2 

(hr) 

13.8  ± 
2.3 

19.6  ± 
1.63 

19.74  ± 
0.86 

12.98  ± 

1.69 

FDKaKu 

Ka  -  K 
(mcg/hr) 

310.12  ± 
29.53 

167.55  ± 
28.23 

161 .33  ± 
6.04 

284.96  ± 

68.24 

%  Dose  Excreted 
Unchanged 

15.4  ± 
2.4 

11  .9  ± 

3.1 

10.9  ± 

1 .2 

12.2  ± 

1.85 

Standard  deviation. 
bFrom  blood  level  study. 

-No  blood  level  study  done  under  particular  treatments. 


7.  TISSUE  DISTRIBUTION  STUDIES  OF  ETHOSUXIMIDE 


Three  male  Wistar  rats  272,  384  and  392  g  respectively  were  anes¬ 
thetized  and  cannulated  as  described  previously  and  40  mg  ethosuximide 
(1  ml)  was  administered  to  each  rat  through  the  femoral  vein.  Rats 
were  sacrificed  by  chloroforming  at  3,  7  and  21  hours  following  the 
dose.  Samples  of  tissue  from  skeletal  muscle,  liver,  brain,  fat,  GIT, 
heart,  lung,  whole  kidney  and  kidney  cortex  were  quickly  removed, 
weighed,  and  homogenized  with  physiological  saline  to  make  10  to  15  ml 
of  homogenate.  One  ml  of  the  homogenate  was  analyzed  for  free  etho¬ 
suximide  using  the  procedure  described  previously  and  the  amount  of 
ethosuximide  per  gramme  of  wet  weight  of  tissue  calculated. 

The  concentration  of  ethosuximide  in  one  gram  of  the  different 
tissues  analyzed  was  found  to  vary  to  some  extent.  Table  XXVI  shows 
the  concentration,  in  micrograms  of  ethosuximide,  found  in  several 
different  tissues.  Only  one  rat  was  used  for  studying  tissue  distri¬ 
bution  within  a  given  time  interval  following  the  dose.  This  was  done 
in  an  attempt  to  confirm  the  reports  claiming  even  distribution  of 
ethosuximide  throughout  the  body. 


no 


TABLE  XXVI 

Tissue  distribution  of  ethosuximide  in  rats  following  I.V.  administra¬ 
tion  under  general  anesthesia. 


Tissue 

Ethosuximide  level 

A 

3  hr 

(mcg/g) 

Time  after  dosing. 

B 

7  hr 

C 

21  hr 

Skeletal  muscle 

106.6 

143.5 

61.4 

Li  ver 

146.4 

85.2 

103.3 

Brain 

187.5 

90.4 

108.9 

Fat 

147.5 

56.2 

82.6 

GIT 

72.7 

107.5 

92.4 

Heart 

132.4 

230.5 

104.9 

Lung 

195.9 

125.3 

193.6 

Cortex  (Kidney) 

167.8 

137.2 

142.6 

Ki dney 

134.3 

116.7 

117.4 

A  =  Data  from  single  rat  weighing  384  g,  B  =  Data  from  single 
rat  weighing  272  g,  C  =  Data  from  single  rat  weighing  392  g. 
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8.  PHARMACOKINETIC  MODELS  AND  COMPUTATIONS 

Pharmacokinetic  models  described  previously  were  used  to  describe 
the  real  physiological  phenomena  associated  with  the  absorption,  dis¬ 
tribution,  metabolism  and  excretion  of  the  drug.  Simple  differential 
equations  were  written  in  an  attempt  to  account  for  all  the  drug  changes 
(biotransformation  and/or  redistribution)  from  the  time  of  dosage 
administration  to  the  time  of  the  total  elimination  of  the  drug.  Based 
on  data  from  the  blood  level  study,  following  intravenous  injection  of 
ethosuximide  to  rats,  a  two  compartment  pharmacokinetic  model  was  used 
to  evaluate  the  urinary  excretion  of  the  drug  (Figure  31).  A  com¬ 
partment  may  be  defined  as  a  kinetically  distinguishable  pool  in  terms 
of  the  drug  concentration  time  profile.  A  two  compartment  model  has 
been  used  by  a  number  of  investigators  (Teorell,  1937b;  Dominquez,  1950; 
Solomon,  1960;  Riggs,  1963;  Nelson  and  Kruger-Thiemer,  1964;  Rescigno 
and  Segre,  1966  and  Riegelman  et  al . ,  1968).  The  following  assumptions 
were  made  for  the  use  of  a  two  compartment  model: 

1.  The  rate  of  urinary  excretion  of  the  drug  is  proportional 
to  its  plasma  concentration. 

2.  Drug  transfer  between  the  central  and  the  peripheral  compart¬ 
ment  is  reversible,  but  transfer  from  the  central  compartment  to 
the  urinary  compartment  is  irreversible. 

3.  The  rates  of  absorption,  distribution  and  metabolism  follow 
first  order  kinetic  processes. 

4.  Drug  elimination  occurs  from  the  central  compartment. 

5.  Excretion  of  unchanged  drug  and  its  metabolite  occurred 
entirely  from  kidney. 


Efhosuximide 
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Figure3!  A  scheme  of  the  two  compartment  pharmacokinetic  model  for 
ethosuximide  blood  level  or  urinary  excretion  following  intravenous  administration 
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The  following  differential  equations  defined  the  pharmacokinetic 


model  proposed: 

dDg/dt  =  -KaDg . (37) 

dDc/dt  =  KaDg  +  KtcDt  -  KctDc  -  KuDc  -  KmDc  .  .  (38) 

dDt/dt  =  KctDc  -  KtcDt . (39) 

dDu/dt  -  KuDc  . (40) 

dDm/dt  =  KmDc  . (41) 


Where  Dg  =  the  amount  of  drug  in  the  gastrointestinal  tract: 

Dc  =  the  amount  of  drug  in  central  compartment. 

Dt  =  the  amount  of  drug  in  peripheral  compartment. 

Du  =  the  amount  of  intact  drug  excreted  in  the  urine. 

Dm  =  the  amount  of  metabolites  excreted  in  the  urine. 

Ka  =  the  rate  constant  for  the  absorption  of  drug  from  the 
GIT  into  central  compartment. 

Ktc  -  the  first  order  rate  constant  for  the  transfer  of  drug 
from  peripheral  compartment  to  central  compartment. 

Kct  =  the  first  order  rate  constant  for  the  transfer  of  drug 
from  central  compartment  to  peri pheral , compartment . 

Ku  =  the  first  order  rate  constant  for  the  excretion  of  drug 
from  central  compartment  into  urine. 

Km  =  the  first  order  rate  constant  for  metabolism  of  drug 
in  the  central  compartment. 

t  =  time  after  administration  of  the  dose. 


Figure  31  shows  the  scheme  and  the  equations  that  describe  a  two 
compartment  pharmacokinetic  model  for  the  analysis  of  plasma  level  data 
following  the  intravenous  administration  of  ethosuximide  to  rats. 


In  Figure  31,  if  the  rate  constants,  Kct  and  Ktc,  become  equal  the 
peripheral  compartment  T  automatically  drops  out  and  the  scheme  then 
describes  a  one  compartment  pharmacokinetic  model  for  an  intravenous 
dose.  Equation  42  describes  the  plasma  level  according  to  a  one  com¬ 
partment  open  model  following  an  intravenous  dose. 

Cc  =  Dg  e"^'t . (42) 

V 

where  Cc  is  the  plasma  concentration  of  ethosuximide  at  any  time  t,  Dq 
is  the  initial  dose  given  and  K  is  the  elimination  rate  constant. 

Since  the  semi  logarithmic  plot  of  plasma  level  data  of  ethosuximide, 
methsuximide  and  phensuximide  (Figures  16,  17  and  18)  showed  a  biexpo¬ 
nential  decay,  the  two  compartment  pharmacokinetic  model  scheme 
(Figure  31)  was  used  to  analyze  the  plasma  level  data  following  the 
intravenous  doses.  The  quality  of  the  computer  fit  to  the  experimental 
data  was  tested  by  using  as  a  criterion,  the  sum  of  the  squares  of  the 
deviations  between  the  experimental  data  and  the  data  calculated  by 
the  computer  according  to  the  equation  describing  the  plasma  level  in 
a  two  compartment  open  model.  This  should  be  less  than  0.01%  of  the 
observed  value.  An  excellent  fit  was  found  using  a  two  compartment 
pharmacokinetic  model.  Addition  of  a  third  compartment  to  the  scheme 
in  Figure  31  and  use  of  equation  43  for  the  prediction  of  plasma  level 
data  did  not  improve  the  quality  of  the  fit. 

Cc  =  Ae"at  +  Be~Bt  +  Ce'yt  ....  (43) 

where  Cc  is  the  plasma  concentration  at  any  time  t  following  an  intra¬ 
venous  dose,  a,  8  and  y  are  the  various  disposition  rate  constants  for 
triexponential  decay  of  plasma  level  concentrations  of  drug.  Figure  32 
shows  the  scheme  for  a  'two'  compartment  (one  compartment) 
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pharmacokinetic  model  used  to  analyze  the  plasma  level  data  following 
an  oral  dose.  Figure  33  illustrates  the  two  compartment  pharmacokinetic 
model  scheme  for  the  analysis  of  plasma  level  data  following  multiple  oral 
dosing.  The  equations  describing  the  plasma  level  according  to  the  two 
proposed  pharmacokinetic  models  were  used  to  predict  the  plasma  level 
data  and  the  difference  between  the  sum  of  the  squares  of  the  deviations 
between  the  experimental  data  and  the  data  predicted  according  to  part¬ 
icular  model  was  compared.  A  'two'  compartment  pharmacokinetic  model  was 
found  to  adequately  describe  the  pharmacokinetics  of  ethosuximide  in 
rats  following  single  oral  administration.  Though  this  model  is  really 
one  compartment,  it  is  usually  referred  to  as  a  'two*  compartment  model 
in  most  literature  because  of  the  absorption  and  elimination  processes 
involved  in  the  pharmacokinetics  following  the  oral  dose.  Therefore, 
in  this  study  this  one  compartment  pharmacokinetic  model  has  been 
described  as  a  'two*  compartment  model  for  the  oral  blood  level  data. 

The  integrated  equations  describing  the  plasma  level-time  rela¬ 
tionship  following  an  intravenous  dose  in  two  compartment  open  model 
(Equation  14)  and  that  following  oral  dose  in  one  compartment  open 
model  (Equation  7)  were  properly  defined  in  subroutine  1 DFUNC 1  of  the 
program  ' NONLI N  '  (Metzler,  1968). 

Cc  =  Ae‘at  +  Be~6t  . (14) 


Cc  = 

where  Cc  = 

A  and  B 


FKaD  (e”Kt  -  e~Kat)  ......(  7) 

V  (Ka-K) 

the  plasma  concentration  of  drug  at  time  t, 

=  The  y  intercepts  on  semi logarithmic  plot  of  the 

plasma  concentration  versus  time  (Figures  16  and  19). 


a  = 


3 


Fast  disposition  rate  constant. 
Slow  disposition  rate  constant. 


Efhosuximide 
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Figure  33.  Scheme  showing  a  two  compartment  pharmacokinetic 
model  for  ethosuximide  blood  levels  or  urinary  excretion  following  the 
oral  administration  to  Wistar  rats. 
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t  =  time. 

F  =  fraction  of  dose  absorbed. 

Ka  =  absorption  rate  constant. 

K  =  elimination  rate  constant. 

V  =  volume  of  distribution. 

The  initial  estimates  of  a,  3,  AB,  and  =  Ao,  Ka  and  K  were  deter¬ 
mined  graphically  as  illustrated  in  Figures  16  and  19. 

The  initial  estimates  along  with  upper  and  lower  limits  of  the 
estimates  and  observed  values  of  Y,  the  plasma  concentration  and  X, 
the  time,  were  read  into  an  IBM  360  computer  throuah  subroutine 
'DFUNC'  (Figures  34  and  35)  which  called  the  main  program  and 
performed  the  iterative  least  squares  fitting  of  the  plasma  level  - 
time  curves.  Typical  digital  computer  simulation  and  pharmacokin¬ 
etic  parameter  estimations  are  shown  using  the  plasma  level  data  of 
Rat  1  from  Table  A-l .  Figure  35  shows  the  iteration  part  which  follows 
the  input  of  initial  estimates  of  pharmacokinetic  parameters  and  the 
plasma  level -time  data  through  subroutine  1 DFUNC' Figure  36  shows  the 
output  of  subroutine  SUMARY  which  summarizes  the  best  estimates  of 
the  pharmacokinetic  parameters  together  with  other  derived  pharmaco¬ 
kinetic  constants  and  parameters  after  the  iterations  converge. 

The  criterion  for  convergence  was  defined  along  with  the  data  input 
so  that  when  the  sum  of  squared  deviations  between  the  observed 
and  calculated  data  points  in  subseouent  iterations  was  less  than 
0.01%  of  the  observed  value  the  program  converged.  Figure  37  shows 
the  output  of  subroutine  ' E I REN '  which  computes  the  eigenvalues 
and  eigenvectors  of  the  correlation  matrix  of  the  estimates.  This 
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C  TEE  FOLLOWING  DEFINES  THE  FLNCTIC’N  FEE  OLTCD  DATA  IV 
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P 1=F  (  1  ) 

P2-F  (2  1 
P  2  =  P ( 3 ) 

P  A=P  (  4  J 
DC  =  COM  1  ) 

XT  =  X (  I  ) 

E1=EXP(-P2*>T) 

EP=EXP( -P44XT  ) 

10  T  =  P 1 *E 1 tP3*E2 

GC  TO  200 
C 

C  THE  FOLLOWING  STATE  «FMS  PROVIDE  CiLCULATfC  PAFAPFTEPE 

C 

200  I F (  IP-9 )  40 , 30 ,4C 

30  TK1=((P2*P4)*<P1+P3)J/(P1*P4+P3*P2) 

TK2=(  (  PI  4F3  )*  (P4-F2  J  *42} /(  (PI +P3)  *(  Pl=frF4+P2*F-2)  ) 

T  K  3—  ( F14P4+F34F2 )/(Pl+P3) 

T  K4  —  DO/ (PI +F3  ) 

TK5=( TK44TK2 )/TK3 

T  K  6  = (  ( TK24DC) /(F2-P4)  j*(E2-El  ) 

21  TKR=T*TK4 

TK9=(-ALCG(  .5)/P4)/FC. 

ALC=(P1/P2) +(P3/P4) 

WKITE(6.1J  TK  1  ,T K2. TK3, TK4 , TK5 
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END 


Figure  34.  1  NON  LIN  1  subroutine  1 DFUNC  *  for  the  two  compartment 

pharmacokinetic  model  following  I.V.  dose. 
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information  is  only  useful  for  seeing  if  any  linear  relations  exist 
among  the  estimated  parameters  and  if  there  are  too  many  parameters  in 
the  model  being  fitted.  Figure  38  depicts  the  output  of  subroutine 
' COMPUT '  which  uses  the  best  estimates  of  the  parameters  and  the  inde¬ 
pendent  variable  X  (value  of  various  time  intervals)  to  compute  the 
predicted  values  of  the  plasma  concentration  as  YCALC  and  performs 
various  statistics  on  the  observed  and  calculated  values.  A  value  of 
R-Squared  close  to  1  and  a  correlation  coefficient  value  close  to  1 , 
indicated  excellent  fit.  Figure  39  shows  the  output  of  subroutine 
1 PLOTN '  which  makes  a  plot  of  predicted  plasma  concentrations  YCALC 
as  well  as  observed  plasma  concentration,  YOBS  versus  X  the  time. 
Visual  inspection  of  the  graph  was  also  used  in  judging  the  quality  of 
the  fit.  Subroutine  ' DFUNC '  for  digital  computer  simulation  and  para¬ 
meter  estimations  from  plasma  level  data  according  to  two  compartment 
open  model  (Figure  32)  following  oral  dose  are  shown  in  Figure  40. 
Plasma  level  data  of  Rat  32  from  Table  A-9  has  been  used  to  illustrate 
the  digital  computer  simulation  and  the  parameter  estimations  in  the 
case  of  oral  blood  level -time  data.  Figures  41  -  44  illustrate  the 
output  of  the  various  subroutines  discussed  under  intravenous  blood 
level  data.  All  the  rate  constants  and  derived  pharmacokinetic  para¬ 
meters  from  I.V.  and  oral  blood  level  data  reported  in  this  study  were 
determined  for  each  animal  data  as  described  above,  by  non-linear 
Digital  Computer  least-square  iterations.  Equations  15  -  25  were  used 
to  calculate  the  derived  pharmacokinetic  parameters  for  the  scheme 
shown  in  Figure  32.  The  symbols  are  defined  in  Appendix  B. 
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Figure  40.  ' NONLIN 1  subroutine  ‘DFUNC1  for  a  'two1  compartment  pharmacokinetic 

model  following  oral  dose. 
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Figure  41.  Iteration  part  of  program  'NONLIN 1  during  least-squares  fit  of 
plasma  level  data  (Rat  -  28)  and  best  estimates  of  pharmacokinetic  parameters  followina 
oral  dose  of  ethosuximide  (40  mg). 
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9.  METABOLISM 
a .  In-Vitro  Metabolism 

Six  male  Wistar  rats  ranging  in  weight  from  320  to  350  g  were  used 
in  this  experiment.  Three  rats  were  injected  with  1  ml  of  phenobarb- 
ital  sodium  (12  mg/ml)  for  three  consecutive  days,  a  procedure  known  to 
promote  enzyme  induction  in  our  laboratories  (Coutts,  personal  commun¬ 
ication).  The  other  three  rats  served  as  controls.  Each  rat,  in  the 
two  groups,  was  killed  by  decapitation,  and  the  liver  was  quickly 
removed,  freed  from  the  gall  bladder,  washed  in  1.15%  ice-cold  potas¬ 
sium  chloride  solution  and  blotted.  The  washed  liver  was  weighed  and 
homogenized  with  4  volumes  of  ice-cold  1.15%  potassium  chloride  solution 
in  a  stainless  steel  Waring  blender.  The  homogenate  was  centrifuged 
at  9000  g  for  30  minutes  in  a  refrigerator  centrifuge  at  4°C.  The 
supernatant  was  separated  and  4  ml  of  the  supernatant  was  used  as 
source  of  enzyme. 

The  supernatant  (4.0  ml)  and  5  mcM  NADP,  50  mcM  gl ucose-6-phosphate , 
25  mcM  magnesium  chloride  and  100  mcM  nicotinamide  was  placed  in  eight 
100  ml  beakers.  0.5  ml  of  a  solution  containing  ethosuximide  (1  mg) 
was  added  to  four  of  the  above  eight  beakers;  0.5  ml  of  phosphate  buf¬ 
fer  (pH  7.4)  was  added  to  the  remaining  four  beakers  which  served  as 
controls.  The  beakers  were  incubated  aerobically  at  37°C  in  Dubnoff 
metabolic  incubator  for  30  minutes.  The  contents  of  four  control 
beakers  were  pooled  and  so  also  were  the  contents  of  four  beakers  con¬ 
taining  ethosuximide.  8  ml  of  20%  zinc  sulphate  solution  was  added 
to  the  pooled  incubated  mixtures  to  precipitate  the  proteins.  After 
five  minutes  of  standing,  8  ml  of  a  saturated  solution  of  barium  hydrox¬ 
ide  was  added  drop-wise  and  shaken.  The  contents  were  transferred  to 


centrifuge  tubes  and  centrifuged  at  9000  g.  The  supernatant  was  extrac¬ 
ted  with  chloroform  under  alkaline  conditions  (pH  11)  followed  by 
extraction  of  the  aqueous  layer  with  chloroform  under  acidic  conditions 
(pH  2).  The  aqueous  layers  were  finally  neutralized  with  cone, 
ammonia  and  extracted  with  ethyl  acetate.  A  portion  of  the  supernatant 
obtained  was  also  hydrolyzed  for  30  minutes  in  a  boiling  water  bath 
with  6  N  hydrochloric  acid  and  extracted  with  ethyl  acetate. 

The  acidic,  neutral,  basic  and  possible  hydro! i sates  of  conjugated 
products  were  evaporated  to  50  rncl  and  2  mcl  was  injected  into  the  gas 
chromatograph  under  the  conditions  described  previously  for  analysis 
except  that  temperature  programming  at  4° /min  was  also  done  from  100  - 
250° C. 

The  procedure  was  repeated  with  liver  homogenates  from  pheno- 

barbital  treated  rats. 

The  entire  procedure  was  repeated  for  phensuximide  and  methsuxi - 

mi  de . 


b.  In-Vivo  Metabolism  Study 

Two  hours  following  the  oral  administration  of  ethosuximi de  (40  mg) 
or  methsuxi mi de  (40  mg)  or  phensuximide  (40  mg)  to  three  Wistar  rats 
10  ml  of  blood  was  collected,  from  each  rat,  by  heart  puncture  into  a 
heparinized  syringe  and  centrifuged.  The  drug  and  the  drug  metabolites 
were  extracted  from  5  ml  of  plasma  and  analyzed  in  the  manner  described 
under  in-vitro  metabolism  study.  Blood  samples  from  untreated  animals 
served  as  controls . 

Forty  mg  of  ethosuximi de  was  administered  orally  to  3  male  Wistar 
rats  weighing  approximately  300  g.  The  rats  were  placed  in  individual 
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metabolism  cages  with  water  but  no  food.  Urine  was  collected  for 
48  hours;  pooled,  and  stored  in  a  refrigerator  until  required  for 
analysis.  A  portion  of  the  urine  was  analyzed  for  free  drug  accord¬ 
ing  to  the  analytical  procedure  described  previously.  Another  portion 
of  urine  was  hydrolyzed  for  one  hour  on  a  water  bath  in  the  presence 
of  6  N  HC1  and  extracted  with  ethyl  acetate  and  chromatographed  in 
the  usual  manner. 

The  GLC  method  employed  in  this  investigation  to  detect  metabo¬ 
lites  of  ethosuximide  did  not  reveal  any  peaks  due  to  metabolites. 

Both  an  in-vivo  and  in-vitro  metabolism  study  failed  to  show  any 
metabolites  of  ethosuximide  with  the  analytical  procedure  employed. 

It  appeared  that  phenobarbital  pre-treatment  of  the  rat  did  not  influ¬ 
ence  the  in-vitro  metabolism  of  ethosuximide  using  liver  homogenate 
prepared  from  the  treated  animals.  The  GLC  peak  for  ethosuximide  in 
blood  and  urine  extract  or  liver  homogenate  extract  did  not  show  any 
increase  in  the  amount  of  ethosuximide  following  the  acid  hydrolysis 
of  the  blood,  tissue  or  urine  samples  prior  to  the  extraction  pro¬ 
cedure  . 

A  metabolism  study  of  methsuximide  both  in-vitro  and  in-vivo 
revealed  presence  of  a  metabolite  peak  with  retention  time  of  8  minutes. 
Identification  of  metabolite  by  GLC-Mass  Spectrometry  was  not  success¬ 
ful  due  to  on  column  absorption  of  the  material. 

Two  peaks  due  to  metabolites  were  observed  in  the  plasma  extract 
as  well  as  in  the  liver  homogenate  extract  of  phensuximide .  The 
retention  times  were  6.8  and  12.2  minutes  respectively.  Two  similar 
peaks  were  also  observed  in  a  in-vitro  metabolism  study.  Attempts  to 
identify  the  metabolites  by  GLC-Mass  Spectrometry  failed  due  to  on 
column  absorption  of  the  metabolite. 
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10.  COMPARATIVE  PHARMACOKINETIC  STUDIES  OF  SUBSTITUTED  SUCCINIMIDES 

The  plasma  concentration  time  profile  of  ethos uxi mi de ,  methsuximide 
or  phensuximide  was  determined  following  intravenous  injection  into 
rats  as  described  under  blood  level  studies.  The  plasma  level  data 
was  analyzed  using  program  NONLIN  (Metzler,  1968)  as  described  above 
to  determine  the  best  estimates  of  the  various  pharmacokinetic  para¬ 
meters  . 

Structural  similarity  between  a  number  of  anticonvulsant  drugs 
including  ethosuximide ,  methsuximide  and  phensuximide  have  been  shown 
in  Figure  3  previously. 

Plasma  level  data  on  ethosuximide  following  40  mg  I.V.  dose  to 
rats  4  -  9  is  presented  in  Table  A-2  and  Table  A-3.  The  plasma  level 
data  for  methsuximide  following  5.6  mg  I.V.  dose  is  presented  in 
Table  A-7.  Table  A-8  lists  the  plasma  level  data  for  phensuximide 
following  8.4  mg  I.V.  dose.  Initial  estimates  of  the  various  pharmaco¬ 
kinetic  parameters  according  to  a  two  compartment  open  model  following 
I.V.  dose  (Figure  31 )  were  determined  graphically  from  the  blood  level 
data  as  described  previously  (Figures  16,  17  and  18).  The  best  esti¬ 
mates  of  various  pharmacokinetic  parameters  and  derived  rate  constants 
were  obtained  from  the  analysis  of  blood  level  data  according  to  a 
two  compartment  open  model  using  digital  computer  least  squares 
iterations  as  described  earlier.  Table  XXVII  lists  the  estimated 
pharmacokinetic  parameters  and  derived  rate  constants  for  the  three 
substituted  succinimides . 


Pharmacokinetic  parameters  of  substituted  succinimides  according  to  a  two  compartment  open  model 

following  intravenous  injection  to  Wistar  rats 
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The  success  of  any  pharmacokinetic  study  depends  on  the  avail¬ 
ability  of  a  sensitive,  reproducible  and  rapid  analytical  procedure, 
which  is  specific  for  the  drug  under  study.  Gas  liquid  chromatographi c 
(GLC)  methods  have  been  extensively  used  for  the  analysis  of  drug  and/or 
their  metabolites  in  biological  samples,  because  of  their  simplicity, 
sensitivity,  speed  of  analysis  and  reproducibility.  A  modification 
of  the  GLC  method  of  analysis  reported  by  Dill  et  al . ( 1 965 )  was  used 
for  the  quantitative  determination  of  ethosuximide,  methsuximide  and 
phensuximide  in  blood,  urine  and  tissue  homogenates  in  this  study.  The 
method  was  relatively  simple  with  high  degree  of  accuracy  and  speed  of 
analysis.  The  method  was  also  specific  for  each  of  the  drugs  studied 
under  the  specified  conditions  of  analysis.  The  method  was  capable 
of  identifying  and  quantitating  the  three  drugs  simultaneously  but 
this  technique  was  not  used  in  this  study.  The  method  was  sensitive 
enough  to  determine  as  low  as  0.1  meg  of  drug  per  ml  of  a  sample, 
although  in  practice  the  blood  level  analyzed  was  not  less  than  2  mcg/ml . 

Among  the  seven  stationary  liquid  phases  screened  to  test  their 
suitability  for  the  analysis  of  succinimides ,  3%  OV-225  on  chromosorb 
W  (AW-DMCS)  solid  support  was  found  to  be  the  best.  0Y-1 ,  OV-25,  and 
0V-210,  though  used  by  some  workers,  were  found  to  be  poor  with  respect 
to  peak  resolution  and  the  time  required  for  an  analysis.  Greater 
degrees  of  tailing,  peak  broadening  and  long  retention  times  were 
observed  with  these  columns  when  compared  with  XE-60  or  OV-225. 

Although  the  separation  of  the  peaks  on  an  XE-60  column  was  similar  to 
that  obtained  on  an  OV-225  column  some  tailing  of  the  peaks  was  ob¬ 
served  with  the  former  column.  This  interfered  with  the  accurate 
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determination  of  the  peak  area.  Therefore,  OV-225  was  selected  and 
used  in  this  study. 

According  to  the  plate  theory  of  chromatographic  separation,  the 
degree  of  resolution  of  the  individual  components  of  a  mixture  is 
directly  proportional  to  the  number  of  theoretical  plates  present  per 
unit  length  of  the  column.  The  number  of  theoretical  plates  calcu¬ 
lated  for  a  3%  OV-225  column  at  a  linear  gas  velocity  of  40  ml /min 
was  1555.  This  number  is  considerably  smaller  than  5000  plates  recom¬ 
mended  by  Heftmenn  (1961 )  for  efficient  separation;  however  excellent 
peak  resolutions  were  obtained  for  ethosuximide,  methsuximide  and 
phensuximide  along  with  their  respective  internal  standards  under  the 
conditions  listed  in  Table  I. 

Flame  ionization  detection  (FID)  was  chosen  because  of  its  greater 
sensitivity  for  detecting  smaller  amounts  of  the  drug  as  compared  with 
the  thermal  conductivity  detector.  It  was  found  difficult  to  detect 
less  than  100  meg  of  the  drug  using  a  thermal  conductivity  detector 
(TC),  but  the  peaks  obtained  with  the  useof  TC  detector  were  quite 
satisfactory  for  quantitation. 

Using  the  column  and  the  conditions  established  in  Table  I,  the 
procedure  was  not  only  reproducible  with  the  same  instrument,  but  also 
was  quite  reproducible  with  different  instruments.  The  retention  times 
of  the  drug  and  its  internal  standard  were  reasonably  short  permitting 
the  analysis  of  a  large  number  of  samples  per  day.  On  an  average,  fol¬ 
lowing  an  extraction  procedure,  the  time  required  for  the  analysis  of 
one  sample  was  less  than  seven  minutes. 
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The  peak  area  of  the  drug  and  internal  standards  was  determined 
by  tri angulation  and  by  an  electronic  integrator.  A  linear  relation¬ 
ship  was  found  between  the  peak  area  ratio  (drug:internal  standard) 
and  the  known  amounts  of  the  drug.  The  results  of  the  tri angulati on 
method  were  quite  satisfactory,  but  it  was  time  consuming.  It  was 
also  found  difficult  to  accurately  determine  the  peak  area,  if  the 
detector  response  went  off  the  recorder  paper,  which  often  happened 
with  the  unknown  samples,  since  the  attenuator  settings,  that  would 
keep  the  detector  response  within  the  chart  paper,  were  difficult  to 
estimate  accurately.  Thus  a  particular  analysis  had  to  be  repeated 
more  than  once  which  limited  the  number  of  analyses  performed  within 
a  given  time.  The  difficulties  mentioned  above  were  overcome  by  the 
use  of  an  electronic  integrator  which  accurately  and  reproducibly 
integrated  the  area  under  the  peak  even  when  the  detector  response 
went  off  the  recorder  paper.  The  electronic  integrator  printed  out 
the  peak  areas  along  with  the  retention  times  for  the  peaks.  The 
measurement  was  not  only  fast  but  also,  with  the  retention  times  being 
printed  out,  there  was  no  mistaking  the  identity  of  the  peak  being 
measured,  from  the  extracts  of  the  biological  samples,  amidst  extraneous 
peaks  which  occasionally  appeared.  The  result  was  processed  almost 
simultaneously  with  the  emergence  of  the  peaks  before  the  next  injection 
was  made. 

a-a  dimethyl  -  3  -methyl  succinimide  has  been  used  commonly  as  an 
internal  standard  for  the  GLC  analyses  of  ethosuximide  by  a  number  of 
workers  (Dill  et  al.,  1965;  Buchanan  et  a!.,  1969;  Solow  and  Green, 
1972).  This  chemical  is  expensive  and  not  readily  available.  Kleijn 
et  al .  (1973)  used  naphthalene  as  an  internal  standard  for  the  assay 
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of  ethosuximide ;  but  it  was  found  unsuitable  here,  because  of  its 
different  extraction  properties  in  comparison  with  the  drug.  We 
screened  several  organic  compounds  in  search  of  an  internal  standard 
and  found  biphenyl  to  be  an  excellent  internal  standard  in  terms  of 
extraction  properties  and  retention  time.  Therefore,  biphenyl  was 
used  as  the  internal  standard  for  the  analysis  of  ethosuximide  in  this 
study.  Phensuximide  and  methsuximide  served  interchangeably  as  the 
internal  standard  for  the  analysis  of  each  other. 

Chloroform  was  found  to  be  a  good  solvent  for  the  extraction  of 
the  drugs,  under  acid  pH,  from  the  biological  samples.  The  extraction 
assembly  permitted  extraction  of  40  samples  at  a  time  within  20  minutes. 
The  absolute  recovery  of  ethosuximide,  methsuximide  and  phensuximide 
from  various  biological  samples  ranged  between  96  -  107%. 

Direct  extraction  of  the  drug  from  the  tissues,  blood  or  urine 
samples  using  chloroform  as  a  solvent  was  very  successful.  No  inter¬ 
fering  peaks  were  found  in  the  chloroform  extracts  of  the  blood,  urine 
or  tissue  homogenates.  Solow  and  Green  (1971)  converted  ethosuximide 
to  an  N-methyl  derivative  in  a  flash  heater  before  extraction;  but 
the  procedure  seemed  to  be  time  consuming  with  no  advantage  in  terms 
of  peak  resolution  and  analysis  time  and  was  not  used. 

The  precision  of  the  assay  following  the  extraction  procedure, 
expressed  as  a  coefficient  of  the  variation  of  the  mean  of  10  consecu¬ 
tive  determinations,  was  found  to  be  2.02%.  No  deterioration  of  the 
drug  was  observed  in  the  blood,  urine  or  tissue  homogenate  samples 
stored  at  room  temperature  for  24  hours  before  analysis  or  following 
storage  in  a  refrigerator  for  three  weeks. 
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Calibration  curves  for  ethosuximide,  methsuximide  and  phensuximide 
did  not  change  to  any  significant  extent,  when  the  calibration  curves 
were  repeated  at  later  dates. 

In  general  the  GLC  procedure  for  the  analysis  of  these  succinimides 
was  found  to  be  very  efficient  and  reproducible. 

****** 


A  limited  blood  level  study  of  ethosuximide  was  reported  by  Hansen 

(1964),  Dill  et  al .  (1965)  and  Buchanan  (1969).  Blood  level  studies 

on  phensuximide  and  methsuximide  are  relatively  few.  A  methsuximide 

1 4 

plasma  level  study  following  an  oral  administration  of  C-methsuxi- 
mide  was  reported  by  Nicholls  and  Orton  (1972)  and  physiological  dispo¬ 
sition  of  phensuximide  was  reported  by  Glazko  et  al .  (1954).  No 
systematic  pharmacokinetic  study  of  succinimides  could  be  found  in  the 
literature.  Isolated  reports  were  found  following  oral  administration 
but  no  attempt  was  made  to  analyze  the  blood  level  data  according  to 
the  pharmacokinetic  concepts.  Riegelman  (1970)  has  pointed  out  that, 
in  absence  of  intravenous  blood  level  data,  a  significant  over  or  under 
estimation  of  pharmacokinetic  parameters  usually  results  which  can  be 
misleading  from  a  therapeutic  standpoint. 

In  this  study  each  one  of  the  three  succinimides  showed  a  bi- 
exponential  decay  of  the  plasma  level  of  the  drug  following  intravenous 
administration.  The  fall  in  the  plasma  level  of  ethosuximide  was  very 
rapid  for  the  first  half  hour  followed  by  a  very  slow  decrease  in  the 
plasma  levels.  The  fall  in  plasma  levels  of  methsuximide  and  phen¬ 
suximide  was  also  rapid  within  the  first  40  minutes  following  the 


intravenous  dosing,  followed  by  a  relatively  fast  decrease  in  plasma 
level  over  the  next  three  hour  period.  No  change  in  the  shapes  of  the 
plasma  level  curve  was  found  for  ethosuximide  at  the  four  dose  levels 
studied.  Since  plasma  levels  of  ethosuximide,  methsuximide  and  phen- 
suximide  decreased  biexponentially ,  the  plasma  level  data  was  analyzed 
according  to  a  two  compartment  open  pharmacokinetic  model  scheme.  A 
linear  relationship  was  found  between  the  zero  time  plasma  concentration 
following  the  intravenous  dose  of  ethosuximide,  and  the  administered 
dose,  indicating  the  absence  of  dose  dependent  kinetics  for  ethosuximide 
within  the  dose  range  studied.  A  wide  intrasubject  variation  in  bio¬ 
logical  half  life  was  found  in  the  rats  similar  to  that  reported  in 
man  (Wagner,  1973  );  however  in  most  of  the  rats  ethosuximide  had  a 
biological  half  life  between  the  range  12-18  hours  which  is  in  agree¬ 
ment  with  the  findings  of  Dill  et  al .  (1965).  The  large  variation  in 
biological  half  life  of  ethosuximide  in  rats  may  be  due  to  individual 
variations  in  the  rates  of  metabolism  of  ethosuximide. 

Table  XIV  lists  the  pharmacokinetic  parameters  of  ethosuximide  as 
a  function  of  dose.  The  apparent  volume  of  distribution  did  not  change 
to  any  significant  extent.  A  low  value  of  3,  the  slow  disposition  rate 
constant  was  found  at  low  dose  level  of  3  mg  which  cannot  be  explained. 
It  may  be  due  to  inter-animal  variation,  or  to  some  disease  in  the  rats 
though  the  animals  appeared  healthy.  The  rate  constant  Ktc,  is  larger 
than  Kct  indicating  a  rapid  return  of  the  drug  from  the  peripheral 
compartment  to  the  central  compartment  for  elimination.  The  ratio  3/K, 
shows  that  over  50%  of  the  drug  in  the  body  is  available  for  elimination 
from  the  central  compartment,  yet  the  biological  half  life  of  the  drug 
is  long.  This  observation  is  an  indirect  indication  of  a  very  slow 
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rate  of  metabolism  of  ethosuximide  or  possible  extensive  tubular 
reabsorption  of  ethosuximide  or  both.  The  possibility  of  the  long 
half  life  being  due  to  extensive  tubular  reabsorption  was  examined 
in  the  urinary  excretion  study  under  the  influence  of  changing  urinary 
pH's  and  under  the  influence  of  inhibitors  of  tubular  transport  mechan¬ 
isms,  and  will  be  discussed  later. 

Table  XV  shows  the  pharmacokinetic  parameters  of  methsuximide  and 
phensuximide.  Considerably  higher  values  of  the  rate  constant  Kct 
were  found  for  methsuximide  in  comparison  with  phensuximide  indicating 
the  greater  tendency  of  methsuximide  to  partition  into  the  peripheral 
compartment,  which  is  consistent  with  the  high  lipid  solubility 
characteristics  of  the  drug  (Nicholls  and  Orton,  1972). 

Though  the  elimination  rate  constant  for  phensuximide  is  smaller 
than  the  elimination  rate  constant  for  methsuximide,  the  biological 
half  life  of  methsuximide  was  found  to  be  slightly  longer  than  the 
biological  half  life  of  phensuximide.  This  observation  may  be  explained 
in  view  of  the  fact  that  a  greater  percentage  of  phensuximide  (almost 
double)  is  available  in  the  central  compartment  for  elimination  than 
methsuximide  as  seen  from  the  value  of  rate  constant  Ktc,  and  the  ratio, 
$/K.  Ethosuximide,  methsuximide  and  phensuximide  appear  to  be  fairly 
well  distributed  all  over  the  body  as  seen  from  the  value  of  the  appar¬ 
ent  volume  of  the  central  compartment  which  was  over  50%  of  the  body 
weight.  The  intravenous  studies  indicated  that  the  pharmacokinetics 
of  the  succinimides  can  be  accounted  for  by  using  a  two  compartment 
pharmacokinetic  model. 

Ethosuximide  was  found  to  be  absorbed  rapidly  following  the  oral 
dose  of  the  solution  to  the  rats.  There  was  very  little  difference 
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in  the  area  under  the  plasma  level  time  curve  fol lowing  intravenous 
or  oral  dosing  with  ethosuximide.  This  indicated  almost  complete 
absorption  of  the  drug  from  the  GIT  of  the  rat  with  an  insignificant 
first  pass  effect.  The  maximum  blood  level  was  reached  within  two 
hours  following  the  oral  dosing  of  ethosuximide  to  rats  and  was  similar 
to  that  reported  in  man  (Buchanan  et  al . ,  1969).  The  variations  in  the 
value  of  the  absorption  rate  constant,  Ka,  found  in  the  rats  were  com¬ 
parable  with  those  reported  in  man  (Buchanan  et  al . ,  1969).  The  fraction 
of  the  dose  absorbed  per  volume  of  distribution,  FD/V,  in  the  rat,  was 
2-3  times  greater  than  that  reported  for  man  (Buchanan  et  al . ,  1969). 
This  difference  appears  to  be  due  to  the  difference  in  the  dose  (mg/kg) 
administered  to  the  rats  (dose  in  man,  10  mg/kg;  in  rat,  80  mg/kg),  and 
possible  differences  in  the  volume  of  distribution.  The  reported  bio¬ 
logical  half  life  of  ethosuximide  in  man  was  2-3  times  greater  than 
that  reported  in  the  rat,  which  may  be  indicative  of  the  greater  capacity 
of  rats  to  metabolize  ethosuximide  than  man. 

The  oral  blood  level  study  indicated  that  the  pharmacokinetics 
of  ethosuximide  in  rat  were  quite  similar  to  man  except  in  terms  of 
metabolism  rates.  Therefore,  with  certain  necessary  correction  factors, 
the  data  from  rats  may  be  projected  to  man;  or  rats  could  be  used  as 
a  model  animal  for  the  routine  quality  control  of  ethosuximide  form- 
ulati ons . 

Knowledge  about  the  effect  of  successive  doses  on  the  plasma  levels 
following  a  multiple  dosing  of  ethosuximide  may  be  quite  valuable  in 
therapeutic  management  of  a  patient  in  terms  of  dose  scheduling. 
Pharmacokinetic  findings  from  a  single  dose  blood  level  data  have  been 
used  to  predict  the  plasma  levels  of  drugs  during  chronic  administration 


145 


(Wagner  and  Metzler,  (1969).  Very  little  information  was  available 
on  the  plasma  levels  of  ethosuximide  in  man  or  animals  following  a 
multiple  dose  regimen.  On  the  basis  of  limited  blood  level  data, 
following  a  multiple  oral  dosing  of  ethosuximide  in  man  (Haerer  et  al., 
1970)  it  was  difficult  to  test  the  validity  of  the  dose  regimen  used 
in  the  clinical  practice.  Therefore  a  multiple  dose  level  study  in  rat 
was  undertaken  to  compare  the  theoretically  predicted  blood  levels  with 
the  experimentally  observed  blood  levels.  The  dosing  interval  chosen 
was  12  hours  which  was  found  to  be  the  half  life  of  ethosuximide  in  a 
number  of  rats.  It  was  hoped  that  this  dosing  schedule  would  not  lead 
to  excessive  drug  accumulation,  and  yet  offer  significant  information 
to  evaluate  a  pharmacokinetic  model  that  may  accurately  predict  the 
plasma  levels  during  a  multiple  dose  regimen.  The  plasma  level  was 
found  to  reach  a  plateau  after  the  fourth  dose  (48  hours).  The  plasma 
levels  during  the  steady  state  ranged,  in  three  rats,  between  60  -  90 
mcg/ml .  Haerer  et  al .  (1970)  have  reported  40  mcg/ml  blood  concen¬ 
tration  of  ethosuximide  in  man  during  chronic  administration.  Follow¬ 
ing  the  discontinuation  of  the  dose,  the  plasma  level  declined 
monoexponentially  as  in  a  single  dose  with  an  insignificant  change  in 
the  half  life.  This  finding  indicated  that  ethosuximide  was  not  likely 
to  induce  its  own  metabolism  during  the  multiple  dosing.  Wagner  and 
Metzler  (1969)  have  indicated  that,  for  most  practical  purposes,  a  one 
compartment  pharmacokinetic  model  could  be  used  without  significant 
error  for  predicting  the  plasma  levels  during  multiple  dosing.  An 
attempt  was  therefore  made  to  predict  the  plasma  levels  of  ethosuxi¬ 
mide  in  rats  following  a  multiple  dosing  schedule  on  the  basis  of  the 
pharmacokinetic  information  from  a  single  dose  blood  level  study 
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using  a  'two'  and  a  two  compartment  pharmacokinetic  models.  Multiple 
dose  calculations  were  made  with  the  help  of  the  computer  program 
reported  by  Niebergall  et  al  .  (1974).  Both. a  'two'  and  a  two  compart¬ 
ment  model  were  found  to  predict  much  higher  blood  levels  of  ethosuxi- 
mide  in  rat  than  was  observed  experimentally  after  multiple  oral  dosing 
(the  value  of  K  in  the  two  compartment  model  was  assumed  to  be  the  same 
as  3).  The  predicted  values  according  to  a  'two'  and  a  two  compartment 
models  with  K  =  3,  were  very  close,  as  was  shown  by  Wagner  and  Metzler 

(1969);  but  according  to  equation  17,  K  =  — —  in  a  two  compartment 

Ktc 

open  model.  Therefore  it  was  felt  that  K  could  not  be  equal  to  3  and 
the  differences  found  between  the  observed  and  predicted  plasma  levels 
may  be  explained  in  terms  of  the  actual  values  of  a,  3  and  Ktc  from  a 
single  dose  intravenous  study.  Indeed  it  was  found  that  the  two  com¬ 
partment  model  using  the  rate  constants  a,  3  and  Ktc  predicted  plasma 
levels  which  were  very  close  to  the  observed  plasma  levels. 

If  one  assumes  the  real  therapeutic  plasma  levels  to  be  70  mcg/ml , 
in  Figure  21,  which  could  be  achieved  experimentally  with  40  mg  etho- 
suximide  given  every  12  hours,  the  predicted  blood  levels  according  to 
a 'two 'compartment  open  model  would  be  above  150  mcg/ml.  The  experimenter 
might  thus  be  tempted  to  reduce  the  dose,  which  may  actually  result  in 
subtherapeutic  blood  levels.  The  results  of  this  study  indicate  that 
plasma  level  predictions  according  to  a  'two'  compartment  open  model  for 
ethosuximide ,  in  absence  of  the  pharmacokinetic  parameters  from  intra¬ 
venous  blood  level  data  may  be  dangerously  misleading.  The  blood  level 
data  reported  by  Haerer  et  al .  (1970)  in  one  of  their  subjects,  was 
compared  with  the  predicted  blood  levels  according  to  a  'two'  compartment 
open  model  using  the  pharmacokinetic  information  from  the  single  dose 
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blood  level  data  (Buchanan  et  al.,  1969).  Figure  22  shows  the  extremely 
large  difference  between  the  observed  and  predicted  blood  levels 
according  to  a  one  compartment  open  model  in  subject  1.  Figure  22 
clearly  shows  that,  while  the  observed  plasma  level  of  ethosuximide 
in  man  following  multiple  dose  regimen  (250  mg  t.i.d.  oral)  for  two 
months  was  40  mcg/ml ,  the  predicted  blood  level  according  to  a  'two' 
compartment  model,  was  close  to  300  mcg/ml. 

Since  the  values  of  Ka,  the  absorption  rate  constant  and  FD/V, 
the  fraction  of  the  dose  absorbed  per  volume  of  distribution  in  rat 
and  man  were  found  to  be  comparable,  it  was  reasonable  to  assume  that 
the  disposition  rate  constants  Kct  and  Ktc  in  man  may  be  similar  to 
that  in  rat.  Therefore  using  the  Kct  and  Ktc  values  from  the  rats  and 
the  values  of  Ka  and  FD/V  from  man,  the  plasma  level  was  predicted  in 
subject  1,  according  to  a  two  compartment  pharmacokinetic  model.  The 
value  of  the  rate  constant  3,  was  the  reported  value  of  K  in  man  accord¬ 
ing  to  a 'two 'compartment  open  model  (Buchanan  et  al . ,  1969).  The  predicted 
values  according  to  a  two  compartment  open  model  closely  agreed  with 
the  observed  blood  level  in  subject  1.  A  comparative  look  at  the 
predicted  points  according  to  a 'two 'compartment  open  model  and  the 
observed  points  in  man  and  rat  (Figures  21  and  22)  may  lead  one  to 
suspect  that  ethosuximide  on  multiple  dosing  must  have  induced  its 
own  metabolism  which  was  responsible  for  the  observed  low  plasma  level. 
However  the  fact  that  the  half  life  of  ethosuximide  did  not  change  on 
multiple  dosing  in  the  rat  suggests  that  such  an  interpretation  is 
not  possible.  The  importance  of  the  intravenous  data  is  evident  for 
the  prediction  of  blood  level  following  multiple  dosing.  With  the 
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actual  plasma  level  data  from  multiple  dosing  and  the  plasma  level 
data  following  the  discontinuation  of  the  dose  it  may  be  possible  to 
calculate  Ktc  and  Kct  values  using  digital  computer  iterations.  It 
appears  however  that  one  needs  a  two  compartment  open  model  to  accurate¬ 
ly  predict  plasma  concentrations  of  ethosuximide  in  rat  and  man,  during 
a  multiple  dose  regimen. 

****** 


Certain  pharmaceutical  adjuvants  affect  the  systemic  availability 
of  some  drugs  because  of  physical  or  physico-chemical  interactions  be¬ 
tween  the  drug  and  the  adjuvants.  It  was  reported  that  when  the 
adjuvant  calcium  sulphate  was  replaced  by  lactose,  in  the  formulation 
of  diphenyl  hydantoin  capsule,  an  excessive  increase  in  bioavailability 
was  found,  which  resulted  in  severe  toxicity  (Tyrer  et  al . ,  1970).  It 
has  been  proposed  that  diphenyl hydantoin  formed  a  complex  with  the 
calcium  sulphate  diluent,  making  it  less  available;  and  hence  the  dose 
schedule  followed  with  the  older  formulation  was  safe;  however  without 
any  interaction  between  lactose  and  diphenyl hydantoin  the  whole  of  the 
dose  in  the  formulation  was  absorbed  leading  to  the  observed  toxic 
effects  following  the  old  dose  schedule  with  the  new  formulation.  It 
is  also  known  that  certain  OTC  products  like  antacids,  when  taken  con¬ 
comitantly  with  tetracyclines,  affect  the  systemic  availability  of 
tetracycline  due  to  interference  with  the  absorption  process.  Since 
no  information  was  available  on  the  bioavailability  of  ethosuximide 
in  the  presence  of  some  pharmaceutical  adjuvants  and  antacids,  the 
current  study  was  undertaken.  Mean  values  of  various  pharmacokinetic 
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parameters  calculated,  according  to  a  'two'  compartment  pharmacokinetic 
model,  from  the  blood  level  data  of  each  formulation,  are  tabulated  in 
Table  XXI. 

The  maximum  plasma  concentration  (Cmax)  achieved  with  each  form¬ 
ulation  does  not  vary  to  any  significant  extent;  however  Cmax  values 
were  considerably  lower  for  ethosuximide  in  the  presence  of  olive  oil 
and  calcium  chloride.  Significant  reductions  in  the  fraction  of  the 
dose  absorbed  per  volume  of  distribution,  FD/V  was  found  in  the  presence 
of  calcium  chloride,  calcium  carbonate,  olive  oil  and  activated  charcoal. 
A  considerable  reduction  in  the  value  of  the  absorption  rate  constant, 

Ka,  was  found  in  formulation  containing  olive  oil,  or  calcium  chloride 

p 

and  in  the  Zarontin  Capsule  contents.  A  shift  in  the  T  ,  the  time 

r  max 

to  reach  maximal  plasma  concentration,  following  the  oral  dosing  of  the 
rats  was  observed  for  the  Zarontin  capsule  formulation  (capsule  con¬ 
tents),  the  ethosuximide  formulation  containing  calcium  chloride,  and 
the  ethosuximide  formulation  in  the  presence  of  activated  charcoal. 
Approximately  3  hours  lag  time  was  observed  in  the  absorption  of  etho¬ 
suximide  for  the  above  mentioned  formulations.  Plasma  half  lives  for 
ethosuximide  in  the  presence  of  methyl  cellulose,  activated  charcoal, 
olive  oil  and  calcium  carbonate  could  not  be  estimated  accurately 
within  the  time  period  of  this  study  (12  hours),  because  of  the  influ¬ 
ence  of  continued  absorption  on  the  elimination  curve.  Some  variations 
in  half  life  were  observed  with  some  formulations,  but  it  could  not  be 
the  effect  of  formulation,  since  the  formulation  variables  do  not 
influence  the  elimination  processes.  The  variation  may  be  due  to  wide 
inter-subject  variation  among  the  rats.  The  wide  inter-subject 
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variation  of  biological  half  lives  in  man  supports  this  expla¬ 
nation  (Wagner,  1973b),  that  the  variation  in  Jj_  observed  in  some 

2 

formulations  could  not  be  attributed  to  formulation  variables. 

A  significant  reduction  in  the  value  of  the  area  under  the  plasma 
level  time  curve,  AUC  (a  measure  of  the  extent  of  absorption  or  systemic 
availability),  was  found  for  the  ethosuximide  formulations  containing 
activated  charcoal,  calcium  carbonate,  calcium  chloride  or  magnesium 
tri silicate.  The  percent  systemic  availability  of  ethosuximide  for 
the  formulations  studied  is  shown  in  Figure  24.  A  statistically 
significant  decrease  in  the  systemic  availability  of  ethosuximide 
occurred  in  the  presence  of  a  soluble  calcium  chloride  salt  and  in  the 
presence  of  calcium  carbonate  which  may  become  soluble  in  the  acid 
gastric  medium;  but  insoluble  tribasic  calcium  phosphate  did  not  in¬ 
fluence  the  systemic  availability  of  ethosuximide.  Magnesium  trisilicate, 
an  antacid  containing  a  divalent  metal  was  also  found  to  reduce  the 
availability  of  ethosuximide;  but  the  antacid  aluminum  hydroxide  gel, 
which  has  a  tri valent  metal  present  did  not  affect  the  percent  systemic 
availability  of  ethosuximide.  The  influence  of  the  soluble  calcium  salts 
and  magnesium  tri silicate  on  the  availability  of  ethosuximide  cannot  be 
explained  with  certainty;  but  one  may  speculate  that  some  weak  complex 
between  the  soluble  calcium  and  magnesium  ions  and  ethosuximide  may  be 
responsible  for  the  observed  influence.  Subtle  differences  in  the 
covalent,  atomic  and  ionic  radii  (Ca:  1.74,  1.97,  0.99;  Mg:  1.3,  1.6, 
0.65;  A1 :  1.18,  1.43,  0.5  A0)  of  calcium,  magnesium  and  aluminum  may 
be  responsible  for  the  observed  influence  of  these  ions  on  the  systemic 
availability  of  ethosuximide. 
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In  view  of  the  small  number  of  subjects  used  in  this  study,  no  de¬ 
finite  conclusions  can  be  drawn  regarding  the  influence  of  the  antacids 
magnesium  tri silicate  or  calcium  carbonate,  on  the  systemic  availability 
of  ethosuximide;  however  the  study  does  indicate  the  following  facts: 

1)  The  concomitant  administration  of  magnesium  trisilicate  or  calcium 
carbonate  containing  antacids  with  ethosuximide  may  pose  some  possible 
drug  interaction  problems  in  terms  of  the  drug  bioavailability; 

2)  Although  activated  charcoal  reduced  the  extent  of  the  absorption  of 
ethosuximide,  its  value  in  the  toxicological  treatment  of  poisoning  from 
ethosuximide  is  doubtful,  in  view  of  the  rapid  absorption  of  ethosuximide; 

3)  Calcium  triphosphate  may  be  a  possible  adjuvant  for  the  solid  dosage 
formulation  of  ethosuximide;  and  4)  The  commercial  capsule  and  syrup  form¬ 
ulations  are  equally  available. 

***** 

In  view  of  the  fact  that  ethosuximide  is  negligibly  protein  bound, 
is  very  little  metabolized,  has  a  long  half  life  of  60  hours  in  man, 

22  hours  in  monkey  and  12  hours  in  rats,  and  is  excreted  unchanged  in 
the  urine  to  the  extent  of  13  -  19%  (Chang  et  al . ,  1972),  a  study  of 
the  urinary  excretion  kinetics  of  ethosuximide  was  undertaken  in  an 
attempt  to  understand  the  cause  of  the  long  half  life  of  the  drug.  It 
is  recognized  that  pH  dependent  urinary  excretion  occurs  for  many  dis¬ 
sociable  drugs  of  pKa  between  3.0  -  7.5  for  acid  drugs  and  between  pKa 
7.5  -  10.5  for  basic  drugs  (Milne,  1965;  Orloff  and  Berliner,  1956; 

Astatoor  et  al . ,  1965;  Beckett  et  al . ,  1965). 

The  results  of  the  urinary  excretion  of  ethosuximide  under  the 
uncontrolled,  thealakaline  and  the  acidic  urinary  pH's  and  under  the 
influence  of  probenecid,  an  inhibitor  of  tubular  transport  mechanism. 


152 


are  shown  in  Table  XXV.  The  values  of  elimination  rate  constants  K, 
determined  from  the  urinary  excretion  rate  versus  time  plot  and  from 
the  plot  of  the  percent  of  unchanged  ethosuximide  remaining  to  be  ex¬ 
creted  versus  time  were  in  close  agreement  with  the  value  found  from 
the  blood  level  versus  time  plot.  The  cumulative  amount  of  the  unchanged 
ethosuximide  excreted  in  the  urine  was  neither  influenced  by  the  changes 
in  the  urinary  pH  under  the  acid  or  the  alkaline  treatment,  nor  by  the 
probenecid  treatment.  A  significant  reduction  in  maximum  urinary  excre¬ 
tion  rate  of  ethosuximide  was  found  in  rats  pretreated  with  ammonium 
chloride  (urine  pH  5  -  5.5).  The  peak  excretion  time  of  ethosuximide 
varied  considerably  under  the  various  pretreatment  conditions.  A  lag 
time  (peak  excretion  rate  time  -  peak  plasma  concentration  time  of  most 
available  formulation)  of  about  four  hours  was  found  under  the  acid  and 
the  uncontrolled  urine  pH,  and  a  lag  time  of  about  four  hours  was  observed 
in  the  absorption  of  ethosuximide  under  the  probenecid  treatment.  The 
urinary  excretion  rate  constants,  Ku,  computed  from  the  y  intercept,  of 
the  semi  logarithmic  plot  of  excretion  rate  versus  time  plot,  and  that 
computed  from  the  relationship:  Ku  =  (De^.K/FD,  were  similar.  A 
very  low  value  for  the  excretion  rate  constant,  Ku  was  observed  under 
all  the  treatments.  A  significant  reduction  in  the  value  of  urinary 
excretion  rate  constant,  Ku,  was  also  found  in  animals  pretreated  with 
sodium  bicarbonate  and  ammonium  chloride.  In  light  of  the  pH-partition 
hypothesis  it  is  difficult  to  explain  the  observations  cited  above  be¬ 
cause  between  pH  5  -  8,  ethosuximide  would  be  virtually  unionized 
(94  -  99.9%).  It  is  more  likely  that  the  urinary  excretion  profile  of 
ethosuximide  could  not  be  influenced  by  changing  urinary  pH.  A  very 
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low  clearance  value  of  2.4  ml/hr  was  also  found  for  ethosuximide.  The 
percent  of  the  dose  excreted  unchanged  under  the  four  treatments  studied 
did  not  differ  significantly  at  95%  level  of  confidence  according  to  the 
analysis  of  variance  for  a  complete  randomized  design,  and  according  to 
the  student 't' test .  Only  10  -  17%  of  the  administered  dose  of  ethosuxi¬ 
mide  was  excreted  unchanged  in  the  urine  which  is  in  agreement  with  the 
reported  value  of  13  -  19%  excretion  in  man,  monkey  and  rats  (Chang 
et  al.,  1972).  Therefore  the  low  clearance  value  for  ethosuximide  could 
be  attributed  to  extensive  tubular  reabsorption.  Since  probenecid,  the 
tubular  transport  inhibitor  did  not  have  any  influence  on  the  percent 
of  unchanged  drug  excreted  in  the  urine,  tubular  reabsorption  must  be 
a  passive  process.  The  apparent  significantly  longer  biological  half 
life  of  ethosuximide  under  the  alkaline  and  the  acid  urinary  pH  con¬ 
ditions  was  within  the  range  of  the  individual  biological  half  life 
variations.  This  study  indicated  that  the  urinary  excretion  of  unchang¬ 
ed  ethosuximide  can  neither  be  influenced  by  changes  in  urinary  pH, 
nor  by  treatment  with  probenecid,  and  that  the  long  half  life  of  the 
drug  is  attributable  to  slow  metabolism  and  extensive  passive  tubular 
reabsorpti on . 

Ethosuximide  was  reported  to  be  uniformly  distributed  throughout 
the  body  following  its  administration  to  animals  (Dill  et  al .  ,  1965). 

The  pharmacokinetic  analysis  of  the  plasma  data  done  in  this  laboratory 
supports  this  statement  of  Dill  et  al .  (1965).  Following  an  intravenous 
dose  of  ethosuximide  to  rats  some  tissues  were  analyzed  for  ethosuximide 
content  to  confirm  the  uniformity  of  the  tissue  distribution  of  etho¬ 
suximide.  It  was  found  that  ethosuximide  was  uniformly  distributed  in 
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the  rat  tissues.  The  concentrations  of  ethosuximide  in  the  various 
tissues  were  quite  comparable  to  the  plasma  concentrations  at  the 
various  sampling  times.  Some  variations  observed  in  the  tissue  con¬ 
centrations  of  ethosuximide  may  be  due  to  the  adhering  body  fluid  which 
may  have  contributed  additional  amounts  of  ethosuximide  to  the  tissues 
analyzed.  The  tissues  were  not  washed  for  fear  of  washing  out  some  of 
the  ethosuximide.  The  tissue  levels  obtained  were  found  to  be  quite 
a  bit  higher  than  those  reported  by  Chang  et  al .  (1972).  This  differ¬ 
ence  could  be  attributed  to  the  different  routes  of  administration  and 
dose  levels.  The  tissue  distribution  study  reported  by  Chang  et  al . 
(1972)  was  following  the  oral  administration  of  ethosuximide;  whereas 
the  study  reported  in  this  work  was  following  an  intravenous  admini¬ 
stration.  The  concentration  of  the  drug  in  the  whole  kidney  was  similar 
to  the  concentration  in  the  kidney  cortex,  indicating  probable  absence 
of  an  active  reabsorption  process.  The  level  of  ethosuximide  in  the 
fat  tissue  was  also  comparable  to  the  ethosuximide  levels  in  the  other 
tissues  analyzed,  which  contradicts  the  report  of  Chang  et  al .  (1972). 
The  volume  of  distribution  of  ethosuximide  found  from  the  pharmaco¬ 
kinetic  analysis  of  blood  level  data  was  over  50%  of  the  body  weight, 
which  further  supported  the  view  that  ethosuximide  was  uniformly 
distributed  throughout  the  body. 

Four  pharmacokinetic  models  were  tested  for  their  suitability  to 
fit  the  observed  plasma  level  data,  of  ethosuximide, methsuximide  and 
phensuximide,  from  rats.  The  plasma  level  data  following  an  intravenous 
dosing  was  best  described  by  a  two  compartment  pharmacokinetic  model. 

The  computer  fit  to  the  plasma  level  data  according  to  a  one  compartment 
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open  model  was  very  poor.  No  improvement  in  the  quality  of  the  fit  was 
found  with  the  use  of  a  three  compartment  pharmacokinetic  model. 

The  oral  plasma  level  data  of  ethosuximide  was  best  described  by 
a  'two'  compartment  model  according  to  the  scheme  shown  in  Figure  32. 

A  two  compartment  pharmacokinetic  model  scheme  (Figure  33)  did  not  im¬ 
prove  the  quality  of  the  fit.  The  study  confirmed  the  validity  of  a 
two  compartment  open  model  for  the  analysis  of  the  plasma  level  data 
following  the  intravenous  administration  of  ethosuximide,  and  a  'two' 
compartment  model  following  a  single  oral  dose  of  ethosuximide;  however, 
the  prediction  of  the  plasma  level  during  a  multiple  dosing  schedule 
was  much  more  accurate  when  a  two  compartment  pharmacokinetic  model 
was  used. 

Iterative  least  square  fitting  of  the  plasma  level  curve  with  an 
appropriate  Digital  Computer  Program  was  the  most  accurate  and  fast  way 
for  the  estimation  of  various  pharmacokinetic  parameters  and  for  the 
testing  of  the  validity  of  the  proposed  pharmacokinetic  models.  Over 
or  under  estimations  of  pharmacokinetic  parameters  by  graphical  tech¬ 
niques  have  been  reported  by  Wagner  and  Metzler  (1967).  The  authors 
reported  that  the  elimination  rate  constant  values  obtained  graphically 
were  12  -  13%  lower  than  the  real  values,  whereas  the  absorption  rate 
constant  values  estimated  graphically  were  13  -  27%  higher  than  the 
true  values. 

Program  'NONLIN '  (Metzler,  1968)  was  found  adequate  for  the  iter¬ 
ative  least  squares  fitting  of  all  blood  level  data  in  this  study. 

Once  the  initial  problem  of  adapting  the  program  to  the  computer  system 
of  the  University  of  Alberta  in  Edmonton  was  solved,  and  a  little  ex¬ 
perience  was  gained  in  the  preparation  of  the  data  deck  with  the 
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subroutine  'DFUNC',  the  program  was  found  most  efficient  and  simple 
to  fit  the  plasma  level  data  and  to  calculate  the  derived  pharmacokinetic 
parameters  and  to  test  the  validity  of  the  proposed  pharmacokinetic 
models . 

The  CPU  time  required  to  process  four  sets  of  the  blood  level  data 
according  to  a  two  compartment  pharmacokinetic  model  was  less  than  ten 
seconds.  Over  30  pages  were  printed  with  the  necessary  iterations,  the 
statistical  analysis,  the  parameter  estimations  and  the  curve  fitting 
within  ten  seconds.  The  approximate  cost  for  such  a  run  was  $1.50. 
Without  the  help  of  digital  computer  program  this  work  could  never  have 
been  completed  within  a  reasonable  time. 

Notari  (1973)  has  reviewed  the  methods  for  assessing  structural 
effects  on  pharmacokinetic  parameters  using  literature  data  for  peni¬ 
cillin  derivatives.  The  pharmacokinetic  parameters,  and  hence  the 
biological  response,  of  some  drugs  can  be  modified  by  subtle  structural 
changes.  Screening  processes  in  the  drug  design  may  be  optimized  through 
the  pharmacokinetic  studies  on  structurally  related  analogs. 

Ethosuximide,  methsuximide  and  phensuximide  are  closely  related 
derivatives  of  succinimide.  Their  structural  differences  and  structural 
relationships  to  other  anticonvulsants  have  been  discussed  previously. 

The  major  differences  in  the  pharmacokinetic  parameters  of  etho¬ 
suximide,  methsuximide  and  phensuximide  were  found  with  respect  to  the 
slow  disposition  rate  constant  8,  and  the  overall  elimination  rate 
constant  K.  The  values  of  8  for  methsuximide  and  phensuximide  were 
found  to  be  3  -  4  times  greater  than  the  value  of  8  for  ethosuximide. 
Therefore  a  better  control  of  petit  mal  epilepsy  with  ethosuximide  may 
be  attributed  to  the  longer  half  life  of  ethosuximide  compared  to  the 
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half  lives  of  phenyl  substituted  succinimides .  The  overall  elimination 
rate  constant  for  methsuximide  was  8  times  greater  than  the  overall 
elimination  rate  constant  for  ethosuximide ;  whereas  the  overall  elimin¬ 
ation  rate  constant  for  phensuximide  was  about  5  times  greater  compared 
to  the  elimination  rate  constant  for  ethosuximide.  This  information 
indicated  that  a  relatively  larger  dose  of  the  phenyl-substituted 
succinimides  may  be  required  for  the  control  of  petit  mal  epilepsy  com¬ 
pared  with  the  dose  of  ethosuximide.  This  speculation  from  the  pharmaco¬ 
kinetic  data  is  in  agreement  with  the  clinical  reports  according  to 
which  higher  doses  of  phensuximide  are  required  for  the  control  of  the 
petit  mal  epilepsy  when  compared  with  the  response  of  ethosuximide  in 
man.  The  ratio  3/K  indicated  that  58%  of  ethosuximide  and  phensuximide 
in  the  body  and  26%  of  methsuximide  in  the  body  are  available  in  the 
central  compartment  at  any  given  time  for  elimination ,  yet  the  biological 
half  lives  of  phensuximide  and  methsuximide  were  found  to  be  shorter 
than  the  biological  half  life  of  ethosuximide,  indicating  a  compara¬ 
tively  slow  rate  of  metabolism  for  ethosuximide.  The  comparison  of  the 
values  of  Kct  indicated  a  tendency  of  methsuximide  to  favour  the  peri¬ 
pheral  compartment,  which  may  be  the  reason  for  the  slightly  greater 
half  life  of  methsuximide  compared  with  the  half  life  of  phensuximide. 
Each  of  the  three  succinimides  appeared  to  be  well  distributed  throughout 
the  body,  based  on  their  apparent  volumes  of  distribution  of  central 
compartment  which  was  above  50%  of  the  body  weight. 

No  metabolite  of  ethosuximide  could  be  detected  with  the  procedures 
employed  in  this  study.  It  was  tempting  to  conclude  that  metabolism 
of  ethosuximide  is  negligible,  in  support  of  the  earlier  reports 
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(Dill  et  al . ,  1965);  however  it  was  realized  than  an  extensive  analytical 
methodology  has  to  be  employed  to  conclude  with  certainty  that  ethosuxi- 
mide  is  not  metabolized.  Further  it  may  be  necessary  to  attempt  some 
derivatization  of  possible  polar  metabolites  before  GLC  analysis. 
Therefore,  the  metabolism  study  was  set  aside  until  the  complete  pharmaco¬ 
kinetics  of  the  unchanged  drug  were  completed.  During  this  period 
Horning  et  al .  (1973a) reported  the  isolation  and  identification  of  four 
monohydroxy  metabolites  of  ethosuximide  in  the  urine  of  rat  and  man. 

Several  glucuronides  of  monohydroxyethosuximides  have  also  been  found 
by  these  authors  using  a  derivatization  technique  and  other  involved 
separatative  techniques.  Thus  the  long  biological  half  life  of  etho¬ 
suximide  may  be  due  to  extremely  slow  rates  of  metabolism.  This  is  also 
suggested  from  the  pharmacokinetic  parameters  of  ethosuximide.  MetH- 
suximide  and  phensuximide  are  known  to  undergo  rapid  metabolism. 
Parahydroxylation  of  the  phenyl  substituent  at  the  a-carbon  and  N- 
demethylation  of  methsuximide  are  the  major  routes  of  metabolism 
(Nicholls,  1972;  Dudley  et  al . ,  1972).  In-vitro  and  in-vivo  metabolism 
studies  indicated  two  metabolites  of  methsuximide  and  one  metabolite  of 
phensuximide,  though  we  could  not,  positively,  identify  the  metabolites 
due  to  on  column  absorption  of  the  metabolites  in  the  GLC-Mass  Spectrometer. 
The  column  that  we  used  regularly  in  the  analysis  of  blood  levels  of 
methsuximide  and  phensuximide  was  usually  saturated  with  the  metabolites, 
therefore  the  metabolite  peaks  could  be  seen  on  the  regular  trace;  but 
the  regular  column  used  in  the  routine  analysis  did  not  fit  the  GLC-Mass 
Spectrometer  unit.  The  unchanged  drug,  being  in  higher  concentration 
than  the  metabolites,  were  easily  identified  as  parent  drug  by  GLC-Mass 
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Spectrometry.  The  spectra  obtained  from  the  plasma  extracts  of  the 
animals  previously  treated  with  the  drug,  were  identical  with  the 
parent  drug  spectrum  and  with  the  published  spectrum  (Locock  and  Coutts, 
(1970)). 


CHAPTER  VI 

SUMMARY  AND  CONCLUSIONS 


160 


161 


The  following  conclusions  and  recommendations  for  further  study 
can  be  made  from  the  results  of  this  study  which  was  the  basis  of  this 
thesis . 

Conclusions 

1.  A  gas-liquid  chromatographic  procedure  was  developed  for  the 
analysis  of  ethosuximide ,  methsuximide  and  phensuximide  in  blood, 
urine  or  tissue  homogenates  of  rats. 

2.  The  method  developed  was  accurate,  sensitive,  reproducible  and 
rapid. 

3.  Ethosuximide  was  not  bound  to  plasma  proteins. 

4.  A  two  compartment  pharmacokinetic  model  was  found  to  accurately 
describe  the  plasma  levels  of  the  three  drugs  following  an  intra¬ 
venous  injection. 

5.  A  'pseudo'  one  compartment  pharmacokinetic  model  described  the 
plasma  level  of  ethosuximide  following  oral  dosing. 

6.  The  absorption  of  ethosuximide  from  the  GIT  of  rats  was  rapid  and 
complete.  There  were  marked  individual  variations  in  the  absorp¬ 
tion  rate  constant  of  the  drug.  The  absorption  rate  constant  was 
found  to  be  approximately  3.0/hr  which  was  similar  to  that  reported 
in  man. 

7.  The  elimination  rate  constant  for  ethosuximide  in  rat  was  about 
three  times  larger  than  that  reported  in  man. 

Ethosuximide  did  not  show  dose  dependent  kinetics  within  the  dose 
range  of  3  mg  to  40  mg  (8.0  -  120  mg/kg). 
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9.  The  absorption  of  ethosuximide  from  GIT  of  rat  was  reduced  in 
presence  of  olive  oil,  activated  charcoal  and  calcium  and  mag¬ 
nesium  ions. 

10.  The  systemic  availability  of  ethosuximide  from  Zarontin  syrup, 
Zarontin  capsule  and  ethosuximide  solution  dose  was  similar  to  the 
availability  from  an  intravenous  dose,  however  the  systemic  avail¬ 
ability  (over  12  hours)  of  the  drug  was  significantly  reduced  in 
the  presence  of  soluble  calcium  and  magnesium  ions  and  in  the 
presence  of  activated  charcoal  and  olive  oil. 

11.  The  use  of  activated  charcoal  in  the  treatment  of  acute  poisoning 
due  to  ethosuximide  may  not  be  successful  because  of  the  extremely 
fast  absorption  rate  of  ethosuximide. 

12.  Elimination  of  ethosuximide  cannot  be  influenced  by  control  of 
urinary  pH  within  the  range  5.0  -  8.3  or  by  treatment  with  an 
inhibitor  of  tubular  transport  mechanisms. 

13.  The  long  biological  half  life  of  ethosuximide  in  rat  appeared 
to  be  due  to  extensive  passive  tubular  reabsorption,  and  a 
relatively  slow  rate  of  metabolism. 

14.  Plasma  levels  of  ethosuximide  during  multiple  dose  regimens 
can  be  accurately  predicted  both  in  rat  and  man  by  computers 
using  a  two  compartment  pharmacokinetic  model. 

15.  The  observed  differences  in  the  pharmacokinetics  of  ethosuximide, 
methsuximide  and  phensuximide  in  rats  can  be  explained  in  terms 
of  differences  in  their  rates  of  metabolism  and  rates  at  which 
the  drugs  return  back  to  the  central  compartment  from  the  peri¬ 
pheral  compartment  for  elimination. 
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16.  Methsuximide  and  phensuximide  are  metabolized  faster  than 
ethosuximide  by  the  rats. 

17.  The  slightly  longer  half  life  of  methsuximide  compared  to  phen¬ 
suximide  may  be  explained  in  terms  of  a  faster  return  of  phen¬ 
suximide  from  the  peripheral  compartment  to  the  central  compartment 
The  return  of  methsuximide  being  affected  by  its  greater  affinity 
for  the  peripheral  compartment  than  ethosuximide. 

Recommendations  for  Further  Study 

1.  Systematic  study  of  the  partitioning  behaviour  of  ethosuximide, 

methsuximide  and  phensuximide  as  a  function  of  pH. 

2.  Study  of  the  influence  of  other  anticonvulsants  on  the  pharmaco¬ 

kinetics  of  ethosuximide. 

3.  Influence  of  the  coadministration  of  ethosuximide,  methsuximide 

and  phensuximide  on  the  pharmacokinetic  properties  of  each  drug 
during  a  multiple  dose  regimen. 

4.  Study  of  the  pharmacokinetics  of  the  metabolites  of  the  three  drugs. 
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TABLE  A-l 

Blood  levels  following  I.V.  administration  of  40  mg  of  ethosuximide  to 

male  Wistar  rats 


Time 

(mi nutes) 

Blood 

Rat  -  1 
(372  g)* 
mcq/ml 

levels 

Rat  -  2 
(410  g) 
mcg/ml 

Rat  -  3 
(380  g) 
mcq/ml 

2.0 

173.1 

218.4 

183.6 

3.0 

168.5 

208.2 

172.5 

4.0 

166.5 

204.8 

160.6 

5.0 

155.5 

192.5 

155.2 

10.0 

154.8 

172.5 

140.3 

20.0 

134.9 

139.8 

118.2 

40.0 

125.2 

112.8 

108.5 

60.0 

118.2 

98.8 

97.2 

90.0 

115.7 

95.5 

95.4 

120.0 

107.8 

92.2 

93.2 

240.0 

98.1 

84.0 

86.0 

360.0 

90.1 

82.0 

78.0 

540.0 

76.1 

74.0 

68.0 

720.0 

64.0 

66.0 

58.0 

* 

Weight  of  the  rat  in  grams. 
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TABLE  A-2 

Blood  level  following  I.V.  administration  of  40  mg  of  ethosuximide 
solution  to  male  Wistar  rats 


Time 

(mi nutes ) 

Blood 

Rat  -  4 
(375  g)* 
mcg/ml 

levels 

Rat  -  5 
(400  g) 
mcg/ml 

Rat  -  6 
(400  g) 
mcg/ml 

1.0 

155.54 

_ 

_ 

2.0 

243.4 

218.4 

249.2 

3.0 

172.98 

218.2 

243.0 

4.0 

168.5 

209.7 

254.7 

5.0 

166.5 

152.5 

211.5 

7.0 

174.9 

169.1 

231.7 

10.0 

154.7 

186.6 

168.9 

20.0 

134.8 

147.0 

145.7 

40.0 

129.9 

112.8 

143.7 

60.0 

125.4 

98.9 

104.3 

90.0 

115.7 

124.9 

136.7 

120.0 

107.8 

106.7 

133.0 

* 

Weight  of  the  rat  in  grams. 
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TABLE  A-3 


Blood  level  following  I.V.  administration  of  40  mg  of  ethosuximide 
solution  to  male  Wistar  rats 


Time 

(minutes) 

Rat  -  7 
(365  g)* 
mcg/ml 

Blood  levels 

Rat  -  8 
(400  g) 
mcg/mi 

Rat  -  9 
(388  g) 
mcg/ml 

1 .0 

- 

163.9 

145.5 

2.0 

244.9 

- 

- 

3.0 

222.2 

153.3 

183.6 

4.0 

204.4 

148.9 

160.6 

5.0 

234.9 

159.0 

122.7 

7.0 

188.7 

146.0 

147.1 

10.0 

210.4 

139.1 

144.3 

20.0 

153.3 

113.5 

101  .0 

40.0 

169.9 

- 

104.9 

60.0 

295.4 

131  .3 

97.0 

80.0 

108.5 

107.9 

102.3 

90.0 

- 

- 

- 

100.0 

127.9 

105.8 

100.7 

120.0 

- 

75.9 

89:8 

* 

Weight  of  the  rat  in  grams. 


177 


TABLE  A-4 

Blood  level  following  I.V.  administration  of  10  mg  of  ethosuximide 
solution  to  male  Wistar  rats 


Time 

(minutes ) 

Rat  -  10 
(284  g)* 
mcg/ml 

Blood 
Rat  -  11 
(284  g) 
mcg/ml 

levels 

Rat  -  12 
(280  g) 
mcg/ml 

Rat  -  13 
(282  g) 
mcg/ml 

2.0 

54.6 

_ 

_ 

_ 

2.5 

- 

54.8 

52.4 

53.1 

4.0 

67.5 

- 

- 

- 

4.5 

- 

55.9 

49.2 

52.2 

7.0 

46.3 

51.4 

55.3 

48.5 

9.0 

- 

70.6 

40.1 

51.7 

11.0 

42.2 

- 

- 

- 

12.0 

- 

45.2 

44.1 

37.9 

20.0 

36.1 

- 

- 

- 

22.0 

- 

43.0 

42.9 

39.3 

30.0 

37.0 

- 

- 

- 

32.0 

- 

43.0 

37.6 

39.3 

41 .0 

35.1 

- 

- 

- 

50.0 

35.3 

- 

- 

- 

52.0 

- 

36.7 

40.4 

42.8 

70.0 

31  .7 

- 

- 

- 

72.0 

- 

33.4 

32.8 

39.7 

102.0 

- 

- 

33.9 

31  .9 

105.0 

37.5 

- 

- 

- 

120.0 

- 

- 

36.8 

34.4 

140.0 

33.5 

- 

- 

- 

160.0 

- 

- 

40.2 

40.7 

180.0 

31  .2 

- 

36.1 

31  .5 

-k 

Weight  of  the  rat  in  grams. 
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TABLE  A-5 

Blood  level  following  I.V.  administration  of  5.0  mg  of  ethosuximide 
solution  to  male  Wistar  rats 


Time 

(minutes) 

Rat  -  14 
(344  g)* 
mcg/ml 

Blood 
Rat  -  15 
(352  g) 
mcg/ml 

levels 

Rat  -  16 
(272  g) 
mcg/ml 

Rat  -  17 
(316  g) 
mcg/ml 

5.0 

19.0 

28.0 

36.6 

31 .4 

9.0 

18.8 

21.6 

35.2 

25.8 

12.0 

15.8 

21.1 

26.8 

19.3 

15.0 

16.1 

20.7 

26.6 

18.4 

30.0 

15.4 

18.4 

24.0 

27.8 

60.0 

15.1 

19.6 

17.5 

14.4 

120.0 

14.0 

12.9 

17.9 

16.8 

180.0 

14.7 

14.1 

19.9 

19.1 

240.0 

13.5 

12.6 

20.8 

19.1 

300.0 

14.4 

11.8 

21.5 

16.9 

540.0 

11  .2 

12.26 

14.7 

15.6 

* 

Weight  of  the  rat  in  grams. 
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TABLE  A-5  (continued) 

Blood  level  following  I.V.  administration  of  5.0  mg  of  ethosuximide 
solution  to  male  Wistar  rats 


Time 

(minutes ) 

Rat  -  18 
(445  g)* 
mcg/mi 

Blood 
Rat  -  19 
(500  g) 
mcg/ml 

levels 

Rat  -  20 
(460  g) 
mcg/ml 

Rat  -  21 
(500  g) 
mcg/ml 

1.0 

20.6 

_ 

- 

- 

2.0 

- 

16.96 

- 

17.48 

3.0 

19.0 

- 

- 

- 

6.0 

- 

13.9 

- 

14.8 

9.0 

14.8 

10.8 

19.8 

16.2 

16.0 

15.0 

11.2 

11.2 

13.3 

25.0 

9.3 

10.2 

12.3 

10.1 

45.0 

10.0 

8.5 

11  .5 

10.8 

65.0 

10.3 

8.4 

10.4 

10.6 

85.0 

- 

8.6 

10.6 

- 

105.0 

9.3 

- 

- 

11 .5 

125.0 

10.3 

8.9 

7.6 

9.7 

145.0 

9.4 

9.4 

9.9 

9.9 

165.0 

9.4 

9.4 

10.3 

10.7 

185.0 

10.9 

8.7 

10.6 

9.1 

205.0 

- 

10.7 

12.5 

10.9 

^Weight  of  the  rat  in  grams 
"Sample  either  not  collected  or  lost. 
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TABLE  A-6 

Blood  level  following  I.V.  administration  of  3.0  mg  of  ethosuximide 
solution  to  male  Wistar  rats 


Time 

(minutes) 

Rat  -  22 
(392  g)* 
mcg/ml 

Blood 
Rat  -  23 
(448  g) 
mcg/ml 

levels 

Rat  -  24 
(460  g) 
mcg/ml 

Rat  -  25 
(420  g) 
mcg/ml 

5.0 

14.6 

12.7 

10.0 

16.6 

7.0 

- 

9.8 

- 

- 

10.0 

9.9 

- 

- 

8.4 

15.0 

7.2 

8.2 

- 

12.3 

22.0 

8.4 

- 

8.0 

10.9 

42.0 

8.1 

7.5 

6.4 

14.6 

62.0 

8.4 

7.6 

6.8 

7.8 

82.0 

7.7 

7.7 

6.6 

6.8 

102.0 

7.9 

6.6 

6.2 

9.2 

122.0 

6.9 

6.5 

7.3 

19. 7C 

142.0 

6.5 

6.5 

6.7 

16. 4C 

182.0 

9.2 

6.9 

6.0 

23.04° 

242.0 

8.1 

6.6 

6.3 

18.6° 

★ 

Weight  of  the  rat  in  grams. 
cCross  contamination  from  syringe. 
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TABLE  A -7 


Blood  level  following  I.V.  administration  of  5.6  mg  of  methsuximide 
solution  to  male  Wistar  rats 


Time 

(minutes) 

Rat  -  26 
(400  g)* 
mcg/ml 

Blood  levels 

Rat  -  27 
(412  g) 
mcg/ml 

Rat  -  28 
(319  g) 
mcg/ml 

3.0 

12.94 

18.5 

16.8 

6.0 

9.95 

13.12 

11.61 

12.0 

7.11 

8.11 

7.6 

24.0 

5.2 

6.6 

4.5 

48.0 

4.0 

4.2 

3.7 

96.0 

3.1 

3.2 

2.8 

192.0 

2.0 

2.1 

1 .8 

^Weight  of  the  rat  in  grams. 
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TABLE  A-8 

Blood  level  following  I.V.  administration  of  8.4  mg  of  phensuximide 
solution  to  male  Wistar  rats 


Time 

(mi nutes ) 

Rat  -  29 
(350  g)* 
mcg/ml 

Blood  levels 

Rat  -  30 
(380  g) 
mcg/ml 

Rat  -  31 
(500  g) 
mcg/ml 

3.0 

29.13 

26.2 

21.5 

6.0 

25.8 

25.3 

19.1 

12.0 

19.8 

19.8 

16.8 

24.0 

16.6 

16.9 

14.9 

48.0 

12.8 

12.7 

11.9 

60.0 

12.4 

12.5 

11.5 

96.0 

11.1 

10.9 

10.8 

116.0 

9.4 

9.5 

9.4 

Weight  of  the  rat  in  grams. 


TABLE  A-9 


Blood  level  following  oral  administration  of  40  mg  of  ethosuximide 
solution  to  male  Wistar  rats. 


Time 

(minutes) 

Rat  -  32 
(416  g)* 
mcg/mi 

Blood  levels 

Rat  -  33 
(415  g) 
mcg/ml 

Rat  -  34 
(416  g) 
mcq/ml 

5.0 

35.28 

33.15 

30.6 

15.0 

62.12 

41  .69 

48.3 

30.0 

64.49 

55.78 

59.35 

60.0 

81.03 

71  .25 

70.8 

120.0 

134.25 

81  .37 

111.1 

240.0 

127.28 

80.97 

79.4 

480.0 

96.28 

73.34 

85.5 

720.0 

59.44 

62.59 

61.8 

* 

Weight  of  the  rat  in  grams. 


184 


TABLE  A-10 

Blood  level  following  a  multiple  oral  dose  (40  mg  t.i.d.)  of  ethosuxi- 
mide  solution  administered  to  male  Wistar  rats 


Time 

(hour) 

Rat  -  32 
(416  g)* 
mcg/mi 

Blood  levels 

Rat  -  33 
(415  g) 
mcg/ml 

Rat  -  34 
(416  g) 
mcg/ml 

12.0 

59.4 

62.6 

61.9 

24.0 

96.0 

52.4 

66.1 

36.0 

109.9 

45.5 

121.3 

48.0 

97.6 

70.8 

66.0 

60.0 

- 

114.2 

67.1 

72.0 

71  .9 

81 .5 

56.2 

84.0 

66.9 

79.6 

72.6 

96.0 

81  .9 

75.5 

62.6 

108. 0a 

98.7 

75.9 

87.5 

112.0 

147.9 

152.9 

164.2 

122.0 

97.0 

65.9 

79.5 

145.0 

30.6 

30.5 

34.8 

* 

Weight  of  the  rat  in  grams 
aTime  last  dose  was  given. 


TABLE  A-ll 


Ethosuximide  blood  levels  in  male  Wistar  rats  following  oral  administra- 

D 

tion  of  Formulation  B,  (ZARONTIN  syrup  0.8  ml)  equivalent  to 


40  mg  of  ethosuximide 


Time 

(hour) 

Rat  -  35 
(410  g)* 
mcg/ml 

Blood  levels 

Rat  -  36 
(400  q) 
mcg/mi 

Rat  -  37 
(400  g) 
mcg/ml 

0.5 

35.47 

94.15 

42.52 

1  .0 

54.34 

100.13 

60.12 

1 .5 

62.28 

107.22 

82.6 

2.0 

70.6 

115.8 

106.34 

3.0 

74.8 

117.91 

96.5 

6.0 

76.8 

100.08 

87.8 

9.0 

68.08 

85.57 

76.8 

12.0 

56.34 

81  .9 

68.84 

* 

Weight  of  the  rat  in  grams. 
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TABLE  A-12 


Ethosuximide 

tion  of 

blood  levels 

Formulation  D. 

equivalent 

in  male  Wi 

(ZAR0NTIN 

to  40  mq 

star  rats  following 

Capsule  contents 

of  ethosuximide 

oral  admini stra- 

with  PEG-400) 

Blood  levels 

Rat  -  38 

Rat  -  39 

Rat  -  40 

Time 

(480  g)* 

(512  g) 

(420  g) 

(hour) 

mcg/ml 

mcg/ml 

mcg/ml 

0.5 

40.7 

26.73 

29.96 

1  .0 

41.4 

44.58 

45.9 

1.5 

46.22 

64.12 

52.85 

2.0 

49.96 

90.68 

82.85 

3.0 

60.09 

85.02 

86.23 

6.0 

80.85 

90.07 

80.02 

9.0 

91  .54 

79.57 

85.19 

12.0 

88.02 

68.93 

63.29 

■ k 

Weight  of  the  rat  in  grams. 
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TABLE  A- 1 3 

Ethosuximide  blood  levels  in  male  Wistar  rats  following  oral  administra¬ 
tion  of  Formulation  E,  (Ethosuximide  solution  containing  1.5%  methyl- 


cellulose)  equivalent  to  40  mg  of  ethosuximide 


Time 

(hour) 

Rat  -  41 
(490  g)* 
mcg/ml 

Blood  levels 

Rat  -  42 
(512  g) 
mcg/ml 

Rat  -  43 
(520  g) 
mcg/ml 

.  0.5 

74.8 

38.65 

30.33 

1.0 

83.55 

51 .38 

43.02 

1  .5 

87.15 

62.31 

53.01 

2 

92.1 

73.13 

58.22 

3 

94.9 

77.52 

63.07 

6 

88.28 

93.99 

67.51 

9 

80.05 

69.78 

69.23 

12 

69.29 

60.15 

59.82 

•k 

Weight  of  the  rat  in  grams. 
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TABLE  A-14 

Ethosuximide  blood  levels  in  male  Wistar  rats  following  oral  administra¬ 
tion  of  Formulation  F,  (Ethosuximide  solution  containing  10%  activated 


charcoal)  equivalent  to  40  mg  of  ethosuximide. 


Time 

(hour) 

Rat  -  44 
(420  g)* 
mcg/ml 

Blood  levels 

Rat  -  45 
(460  g) 
mcg/ml 

Rat  -  46 
(480  g) 
mcg/ml 

0.5 

21 .29 

27.04 

35.21 

1.0 

48.08 

44.18 

68.33 

1  .5 

52.55 

62.15 

67.06 

2.0 

58.09 

64.8 

66.33 

3.0 

72.15 

68.05 

70.69 

6.0 

76.58 

83.70 

71.04 

9.0 

77.5 

80.64 

74.77 

12.0 

62.4 

70.04 

63.95 

Weight  of  the  rat  in  grams. 
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TABLE  A- 1 5 

Ethosuximide  blood  levels  in  male  Wistar  rats  following  oral  administra¬ 
tion  of  Formulation  G,  (Ethosuximide  solution  in  olive  oil)  equivalent 


to  40  mg  of  ethosuximide 


Time 

(hour) 

Rat  -  47 
(417  g)* 
mcg/ml 

Blood  levels 

Rat  -  48 
(460  g) 
mcg/ml 

Rat  -  49 
(460  g) 
mcg/ml 

-0.5 

34.13 

26.47 

33.08 

1 .0 

49.7 

35.21 

38.23 

1  .5 

56.18 

40.21 

43.26 

2.0 

60.07 

44.53 

52.16 

3.0 

64.52 

60.31 

61  .25 

6.0 

78.28 

72.52 

75.03 

9.0 

86.19 

84.23 

66.1 

12.0 

76.88 

71.11 

59.67 

•k 

Weight  of  the  rat  in  grams. 
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TABLE  A-16 

Ethosuximide  blood  levels  in  male  Wistar  rats  following  oral  administra¬ 


tion  of  Formulation  H,  (Ethosuximide  solution  containing  10%  calcium 
triphosphate)  equivalent  to  40  mg  of  ethosuximide. 


Time 

(hour) 

Rat  -  50 
(480  g)* 
mcg/ml 

Blood  levels 

Rat  -  51 
(412  g) 
mcg/ml 

Rat  -  52 
(380  g) 
mcg/ml 

.0.5 

65.1 

48.64 

49.74 

1 .0 

76.4 

78.36 

67.01 

1.5 

81  .1 

81.01 

78.64 

2.0 

86.33 

84.3 

84.37 

3.0 

92.35 

91  .38 

91.37 

6.0 

109.56 

108.55 

92.61 

9.0 

116.25 

82.49 

82.61 

12.0 

107.95 

69.51 

73.9 

* 

Weight  of  the  rat  in  grams. 
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TABLE  A-17 

Ethosuximide  blood  levels  in  male  Wistar  rats  following  oral  administra¬ 
tion  of  Formulation  I,  (Ethosuximide  solution  containing  10%  calcium 
chloride)  equivalent  to  40  mg  of  ethosuximide 


Time 

(hour) 

Rat  -  53 
(400  g)* 
mcg/ml 

Blood  levels 

Rat  -  54 
(490  g) 
mcg/ml 

Rat  -  55 
(430  g) 
mcg/ml 

0.5 

26.65 

28.66 

20.12 

1 .0 

32.66 

40.424 

32.51 

1.5 

32.56 

56.73 

36.11 

2.0 

44.30 

63.31 

41.12 

3.0 

77.21 

72.84 

76.22 

6.0 

85.04 

76.04 

80.67 

9.0 

67.65 

72.19 

68.51 

12.0 

50.94 

68.27 

56.09 

* 

Weight  of  the  rat  in  grams. 


1 
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TABLE  A-18 

Ethosuximide  blood  levels  in  male  Wistar  rats  following  oral  administra¬ 
tion  of  Formulation  J,  (Ethosuximide  solution  containing  10%  calcium 


carbonate)  eguivalent  to  40  mg  of  ethosuximide 


Time 

(hour) 

Rat  -  56 
(410  g)* 
mcg/ml 

Blood  levels 

Rat  -  57 
(445  g) 
mcg/ml 

Rat  -  58 
(440  g) 
mcg/ml 

.0.5 

58.62 

34.08 

50.86 

1 .0 

62.4 

50.7 

61.67 

1 .5 

61.2 

76.21 

62.13 

2.0 

63.6 

75.11 

70.43 

3.0 

65.5 

67.05 

73.93 

6.0 

60.22 

73.87 

71.55 

9.0 

53.11 

70.72 

74.24 

12.0 

47.2 

33.66 

65.6 

* 

Weight  of  the  rat  in  grams. 
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TABLE  A-19 

Ethosuximide  blood  levels  in  male  Wistar  rats  following  oral  administra¬ 
tion  of  Formulation  K,  (Ethosuximide  solution  containing  10%  dried 


aluminum  hydroxide  gel)  equivalent  to  40  mg  of  ethosuximide 


Time 

(hour) 

Rat  -  59 
(430  g)* 
mcg/ml 

Blood  levels 

Rat  -  60 
(450  g) 
mcg/ml 

Rat  -  61 
(480  g) 
mcg/ml 

.0.5 

28.28 

40.38 

40.2 

1.0 

60.99 

80.08 

87.6 

1.5 

65.32 

85.11 

90.06 

2.0 

71.15 

92.0 

92.08 

3.0 

80.08 

103.95 

98.05 

6.0 

74.08 

89.51 

93.67 

9.0 

68.11 

80.12 

85.69 

12.0 

59.55 

74.08 

63.6 

•k 

Weight  of  the  rat  in  grams. 
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TABLE  A-20 

Ethosuximide  blood  levels  in  male  Wistar  rats  following  oral  administra¬ 


tion  of  Formulation  L,  (Ethosuximide  solution  containing  10%  magnesium 
tri silicate)  equivalent  to  40  mg  of  ethosuximide 


Time 

(hour) 

Rat  -  62 
(450  g)* 
mcg/ml 

Blood  levels 

Rat  -  63 
(420  g) 
mcg/ml 

Rat  -  64 
(480  g) 
mcg/ml 

0.5 

56.43 

53.88 

44.51 

1 

77.41 

62.21 

58.36 

1 .5 

80.05 

74.2 

69.46 

2 

82.63 

76.35 

62.23 

3 

97.33 

80.5 

73.07 

6 

75.72 

78.81 

74.89 

9 

61.65 

74.64 

69.43 

12 

49.82 

64.08 

53.87 

29 

25.92 

31  .12 

28.27 

Weight  of  the  rat  in  grams. 
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TABLE  A-21 


Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 


Rat  No:  65 

Urine  pH:  6. 

Weight  (gram) 

4  -  7.0 

:  540.0 

Dose : 

Pretreatment:  Uncontrolled 

40  mg  ethosuximide  solution 

DEt 

Unchanqed 

DE 

cum 

Cumulati ve 

%>D 

Percent 

dDE  /dt 
cum 

Drug  Excreted 

amount 

of  Dose 

Excretion 

Time 

to  time  T 

Excreted  to 

Excreted 

Rate  , 
(mcg.hr"1) 

(hour) 

(meg) 

(meg) 

Unchanged 

6.25 

_ 

- 

- 

246.0 

12.5 

3082.0 

3082.0 

7.7 

- 

18.5 

- 

- 

- 

116.0 

24.5 

1392.0 

4474.0 

11.2 

- 

30.25 

- 

- 

- 

122.0 

36.0 

1430.0 

5904.0 

14.76 

- 

42.25 

- 

- 

- 

52.48 

48.5 

656.0 

6560.0 

16.4 

- 

54.5 

- 

- 

- 

27.16 

60.5 

326.0 

6886.0 

17.22 

-- 

66.5 

- 

- 

- 

15.25 

72.5 

183.0 

7069.0 

17.67 

- 

76.75 

- 

- 

- 

10.47 

81  .0 

89.0 

7158.0 

17.90 

- 

89.5 

- 

- 

- 

7.23 

98.0 

123.0 

7281 .0 

18.3 

- 
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TABLE  A-22 


Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 


Rat  No:  66 

Urine  pH:  6.4 

Weight  (gram 

-  7.0 

):  560.0 

Dose : 

Pretreatment :  Uncontrolled 

40  mg  ethosuximide  solution 

DEt 

Unchanged 

DE 

cum 

Cumulative 

%D 

Percent 

dDEcum/dt 

Druq  excreted 

amount 

of  Dose 

Excretion 

Time 

to  time  t 

Excreted  to 

Excreted 

Rate  n 
(mcg.hr"  ) 

(hour) 

(meg) 

(meg) 

Unchanged 

6.25 

- 

- 

- 

247.0 

12.5 

3088.7 

3088.7 

7.7 

- 

18.5 

- 

- 

- 

98.16 

24.5 

1178.0 

4266.7 

10.7 

- 

30.25 

- 

- 

- 

135.48 

36.0 

1558.0 

5824.7 

14.56 

- 

42.25 

- 

- 

- 

55.12 

48.5 

689.0 

6513.7 

16.28 

- 

54.5 

- 

- 

- 

60.8 

60.5 

729.9 

7243.6 

18.11 

- 

66.5 

- 

- 

- 

34.36 

72.5 

412.4 

7656.0 

19.14 

- 

76.5 

- 

- 

- 

11.84 

81  .0 

100.7 

7756.7 

19.39 

- 

89.5 

- 

- 

- 

10.3 

98.0 

175.2 

7931.9 

19.8 

- 
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TABLE  A-23 


Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 


Rat  No:  67 

Urine  pH:  6.4 

Weight  (gram) 

-  7.0 

:  486.0 

Dose: 

Pretreatment:  Uncontrolled 

40  mg  ethosuximide  solution 

DEt 

Unchanged 

DE 

cum 

Cumulati ve 

%D 

Percent 

dDE  /dt 
cum 

Drug  Excreted 

amount 

of  Dose 

Excretion 

Time 

to  time  t 

Excreted  to 

Excreted 

Rate, 
(mcg.hr"  ) 

(hour) 

(meg) 

(meg) 

Unchanged 

6.00 

_ 

_ 

198.7 

12.0 

2385.0 

2385.0 

5.96 

- 

18.25 

- 

- 

- 

145.3 

24.5 

1816.0 

4201 .0 

10.5 

- 

30.25 

- 

- 

- 

56.17 

36.0 

639.0 

4840.0 

12.1 

- 

42.00 

- 

- 

- 

36.0 

48.0 

439.0 

5279.0 

13.2 

- 

54.0 

- 

- 

- 

11.8 

60.0 

142.0 

5421 .0 

13.6 

- 

66.5 

- 

- 

- 

8.8 

73.0 

115.0 

5536.0 

13.8 

- 

78.70 

- 

- 

- 

3.0 

84.5 

34.0 

5570.0 

13.9 

- 

91  .0 

- 

- 

- 

2.3 

97.5 

40.0 

5610.0 

14.0 

- 
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TABLE  A-24 


Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 


Rat  No:  68 

Urine  pH:  6.4 

Weight  (gram) 

-  7.0 

:  457.0 

Dose : 

Pretreatment:  Uncontrolled 

40  mg  ethosuximide  solution 

DEt 

DE 

cum 

%D 

dDWdt 

Unchanged 

Cumulative 

Percent 

Excretion 

Druq  Excreted 

amount 

of  Dose 

Rate  , 
(mcg.hr“  ) 

Time 

to  time  t 

Excreted  to 

Excreted 

(hour) 

(meg) 

(meg) 

Unchanged 

6.0 

_ 

_ 

_ 

215.0 

12.0 

2585.0 

2585.0 

6.5 

- 

18.25 

- 

- 

- 

102.8 

24.5 

1285.0 

3870.0 

9.7 

- 

30.25 

- 

- 

- 

60.6 

36.0 

697.0 

4567.0 

11.4 

- 

42.0 

- 

- 

- 

41.75 

48.0 

501 .0 

5068.0 

12.67 

- 

54.0 

- 

- 

- 

19.33 

60.0 

232.0 

5300.0 

13.3 

- 

66.5 

- 

- 

- 

12.07 

73.0 

157.0 

5457.0 

13.64 

- 

78.7 

- 

- 

- 

6.08 

84.5 

70.0 

5527.0 

13.8 

- 

91  .0 

- 

- 

- 

3.53 

97.5 

43.0 

5570.0 

13.93 

_ 
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TABLE  A-25 


Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 


Rat  No:  69 

Urine  pH:  8.0 

Weight  (gram) 

-  8.3 

:  390.0  Pretreatment:  Sodium  bicarbonat 

Dose:  40  mg  ethosuximide  solutior 

DEt 

Unchanged 

DEcum 

Cumulati ve 

%D 

Percent 

dDE  /dt 
cum' 

Druq  Excreted 

amount 

of  Dose 

Excreti on 

Time 

to  time  t 

Excreted  to 

Excreted 

Rate. 

(mcg.hr“  ) 

(hour) 

(meg) 

(meg) 

Unchanged 

1  .5 

- 

_ 

_ 

319.7 

3.0 

959.2 

959.2 

2.4 

- 

4.5 

- 

- 

- 

118.8 

6.0 

356.4 

1315.6 

3.3 

- 

12.5 

- 

- 

- 

89.63 

19.0 

1165.2 

2480.8 

6.2 

- 

23.0 

- 

- 

- 

43.78 

27.0 

350.3 

2831  .1 

7.1 

- 

35.0 

- 

- 

- 

125.96 

43.0 

2015.4 

4846.5 

12.1 

- 

54.5 

- 

- 

- 

25.48 

66.0 

586.0 

5432.5 

13.6 

- 

72.0 

- 

- 

- 

13.85 

78.0 

116.3 

5598.8 

14.1 

- 

85.0 

- 

- 

- 

10.11 

92.0 

141 .5 

5740.3 

14.35 

- 
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TABLE  A-26 

Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 
Rat  No:  70  Weight  (gram):  400.0  Pretreatment:  Sodium  Bicarbonate 
Urine  pH:  8.0  -  8.3  Dose:  40  mg  ethosuximide  solution 


Time 

(hour) 

DEt 

Unchanged 
Drug  Excreted 
to  time  t 
(meg) 

DE 

cum 

Cumulati ve 
amount 
Excreted  to 
(meg) 

%D 

Percent 
of  Dose 
Excreted 
Unchanged 

dDEcun/dt 

Excretion 
Rate 
(meg. hr 

1.5 

_ 

- 

_ 

299.2 

3.0 

897.7 

897.7 

2.3 

- 

4.5 

- 

- 

- 

160.36 

6.0 

481  .1 

1378.8 

3.45 

- 

12.5 

- 

- 

- 

76.5 

19.0 

994.5 

2373.3 

5.93 

- 

23.0 

- 

- 

- 

51.8 

27.0 

414.3 

2787.6 

6.97 

- 

35.0 

- 

- 

- 

63.8 

43.0 

1021.2 

3808.8 

9.5 

- 

54.5 

- 

- 

- 

42.2 

66.0 

970.6 

4779.4 

11 .9 

- 

72.0 

- 

- 

- 

15.5 

78.0 

186.2 

4965.6 

12.4 

- 

85.0 

- 

- 

- 

11.01 

92.0 

154.2 

5119.8 

12.8 
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TABLE  A-27 


Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 
Rat  No:  71  Weight  (gram):  380.0  Pretreatment :  Sodium  bicarbonate 


Urine  pH: 

8.0  -  8.3 

Dose: 

40  mg  ethosuximide  solution 

DEt 

Unchanged 

DE 

cum 

Cumulative 

%D 

Percent 

dDE  /dt 
cum 

Drug  Excreted 

amount 

of  Dose 

Excreti on 

Time 

to  time  t 

Excreted  to 

Excreted 

Rate 

(mcg.hr  ) 

(hour) 

(meg) 

(meg) 

Unchanged 

1  .5 

276.5 

3.0 

829.5 

829.5 

2.1 

- 

4.5 

- 

- 

- 

81.87 

6.0 

245.6 

1075.1 

2.7 

- 

12.5 

- 

- 

- 

71.25 

19.0 

926.3 

2001 .4 

5.0 

- 

23.0 

- 

- 

- 

56.26 

27.0 

450.1 

2451.5 

6.13 

- 

35.0 

- 

♦ 

- 

33.36 

43.0 

533.7 

2985.2 

7.5 

- 

54.5 

- 

- 

- 

6.05 

66.0 

139.2 

3124.4 

7.8 

- 

72.0 

- 

- 

- 

11.1 

78.0 

132.9 

3257.3 

8.14 

85.0 

- 

- 

- 

7.59 

92.0 

106.2 

3363.5 

8.4 

- 
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TABLE  A-28 


Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 
Rat  No:  72  Weight  (gram):  400.0  Pretreatment:  Ammonium  Chloride 


Urine  pH: 

5.0  -  5.5 

Dose : 

40  mg  ethosuximide  solution 

Time 

DEt 

Unchanged 
Drug  Excreted 
to  time  t 

DE 

cum 

Cumulative 
amount 
Excreted  to 

%D 

Percent 
of  Dose 
Excreted 

dDE  /dt 
cum 

Excreti on 

Rate, 

(mcg.hr  ) 

(hour) 

(meg) 

(meg) 

Unchanged 

1.5 

- 

- 

_ 

82.2 

3.0 

246.7 

246.7 

0.6 

- 

4.5 

- 

- 

- 

160.6 

6.0 

481  .7 

728.4 

1  .82 

- 

12.5 

- 

- 

- 

136.5 

19.0 

1774.0 

2502.4 

6.25 

- 

23.0 

- 

- 

- 

65.15 

27.0 

521.2 

3023.6 

7.6 

- 

35.0 

- 

- 

- 

62.5 

43.0 

999.8 

4023.4 

10.1 

- 

54.5 

- 

- 

- 

25.3 

66.0 

582.2 

4605.6 

11.51 

- 

72.0 

- 

- 

- 

13.3 

78.0 

160.1 

4765.7 

11.9 

- 

85.0 

- 

- 

- 

7.2 

92.0 

100.5 

4865.8 

12.2 

- 
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TABLE  A-29 

Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 
Rat  No:  73  Weight  (gram):  380.0  Pretreatment:  Ammonium  chloride 
Urine  pH:  5.0  -  5.5  Dose:  40  mg  ethosuximide  solution 


Time 

(hour) 


Unchanged  Cumulative 
Drug  excreted  amount 
to  time  t  Excreted  to 
(meg)  (meg) 


%D 

Percent 
of  Dose 
Excreted 
Unchanged 


dDE  /dt 
cum' 

Excretion 
Rate  n 
(mcg.hr"  ) 


1 .5 

- 

- 

-- 

65.2 

3.0 

195.6 

195.6 

0.49 

- 

4.5 

- 

- 

- 

175.6 

6.0 

526.9 

722.5 

1  .81 

- 

12.5 

- 

- 

- 

82.9 

19.0 

1077.6 

1800.1 

4.5 

- 

23.0 

- 

- 

- 

58.9 

27.0 

471 .2 

2271 .3 

5.7 

- 

35.0 

- 

- 

- 

53.9 

43.0 

862.4 

3133.7 

7.8 

- 

54.5 

- 

- 

- 

23.2 

66.0 

533.4 

3667.1 

9.2 

- 

72.0 

- 

- 

- 

11.4 

78.0 

137.0 

3804.1 

9.5 

» 

85.0 

- 

- 

- 

7.03 

92.0 

98.4 

3902.5 

9.7 

- 
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TABLE  A-30 

Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 
Rat  No:  74  Weight  (gram):  390.0  Pretreatment:  Ammonium  Chloride 


Urine  pH:  5.0  -  5.5  Dose:  40  mg  ethosuximide  solution 


Time 

(hour) 

Unchanged 
Drug  Excreted 
to  time  t 
(meg) 

Cumulate 
amount 
Excreted  to 
(meg) 

%D 

Percent 
of  Dose 
Excreted 
Unchanged 

dDE  /dt 
cum' 

Excreti on 
Rate_-j 
(mcg.hr"  ) 

1  .5 

_ 

_ 

65.2 

3.0 

195.3 

195.3 

0.49 

- 

4.5 

- 

- 

- 

157.5 

6.0 

472.4 

667.9 

2.67 

- 

12.5 

- 

- 

- 

110.74 

19.0 

1439.6 

2107.5 

5.27 

- 

23.0 

- 

- 

- 

62.2 

27.0 

497.4 

2605.0 

6.5 

- 

35.0 

- 

•  - 

- 

51 .6 

43.0 

824.9 

3429.9 

8.57 

- 

54.5 

- 

- 

- 

24.3 

66.0 

559.3 

3989.2 

9.97 

- 

72.0 

- 

- 

- 

11.7 

78.0 

140.2 

4129.4 

10.3 

- 

85.0 

- 

- 

- 

10.51 

92.0 

147.1 

4276.4 

10.7 

- 
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TABLE  A-31 


Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 


Rat  No:  75 

Urine  pH:  6 

Weight  (gram) 

.4  -  7.0 

:  400.0 

Dose: 

Pretreatment:  Probenecid 

40  mg  ethosuximide  solution 

DEt 

Unchanged 

DE 

cum 

Cumulati ve 

%d 

Percent 

dDE  /dt 
cunr 

Drug  Excreted 

amount 

of  Dose 

Excreti on 

Time 

to  time  t 

Excreted  to 

Excreted 

Rate 

(mcg.hr”  ) 

(hour) 

(meg) 

(meg) 

Unchanged 

1 .5 

- 

- 

- 

16.6 

3.0 

50.1 

50.1 

0.125 

- 

4.5 

- 

- 

- 

135.7 

6.0 

417.3 

467.4 

1.17 

- 

14.0 

- 

- 

- 

140.75 

22.0 

2252.1 

2719.5 

6.8 

- 

27.75 

- 

- 

- 

61  .39 

33.5 

706.1 

3425.6 

8.6 

- 

40.5 

- 

- 

- 

28.5 

47.5 

399.0 

3824.6 

9.56 

- 

61  .25 

- 

- 

- 

8.32 

75.0 

228.9 

4053.5 

10.1 

_ 
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TABLE  A-32 


Urinary  excretion  data  for  ethosuximide  in  male  Wistar  rats 
Rat  No:  76  Weight  (gram):  444.0  Pretreatment:  Probenecid 


Urine  pH: 

6.4  -  7.0 

Dose: 

40  mg  ethosuximide 

sol ution 

DEt 

DE 

cum 

%D 

dDE  /dt 
cum 

Unchanqed 

Cumulative 

Percent 

Drug  Excreted 

amount 

of  Dose 

Excreti on 

Time 

to  time  t 

Excreted  to 

Excreted 

Rate  -j 
(mcg.hr-"  ) 

(hour) 

(meg) 

(meg) 

Unchanged 

1  .5 

_ 

- 

392.9 

3.0 

1178.6 

1178.68 

2.95 

- 

4.5 

- 

- 

- 

258.6 

6.0 

775.9 

1954.6 

4.89 

- 

14.0 

- 

- 

- 

133.6 

22.0 

2137.4 

4092.0 

10.23 

- 

27.75 

- 

- 

- 

44.6 

33.5 

512.0 

4604.0 

11.5 

- 

40.5 

- 

- 

- 

47.2 

47.5 

660.4 

5264.4 

13.16 

- 

61 .25 

- 

- 

- 

7.1 

75.0 

191  .6 

5456.0 

13.64 

- 
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TABLE  A-33 


Urinary 

Rat  No:  77 

Urine  pH:  6. 

excretion  data 

Weight  (gram) 

,4  -  7.0 

for  ethosuximide 

1:  420.0 

Dose: 

in  male  Wistar  rats 

Pretreatment:  Probenecid 

40  mg  ethosuximide  solution 

DEt 

Unchanged 

DE 

cum 

Cumulative 

%D 

Percent 

dDE  /dt 
cum7 

Druq  excreted 

amount 

of  Dose 

Excretion 

Time 

to  time  t 

Excreted  to 

Excreted 

Rate. 
(mcg.hr”  ) 

(Hour) 

(meg) 

(meg) 

Unchanged 

1  .5 

_ 

_ 

_ 

98.2 

3.0 

294.5 

294.5 

0.74 

- 

4.5 

- 

- 

- 

35.5 

6.0 

106.6 

401.1 

1.0 

- 

14.0 

- 

- 

- 

162.4 

22.0 

2598.1 

2999.2 

7.5 

- 

27.75 

- 

- 

- 

54.7 

33.5 

629.3 

3628.5 

9.1 

- 

40.5 

- 

- 

- 

76.01 

47.5 

1064.2 

4692.7 

11.73 

- 

61  .25 

- 

- 

- 

15.4 

75.0 

423.8 

5116.5 

12.79 

_ 
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3 

A 

Ao 

AUC 

B 

<Co>n 


C 

max 

D 

c 

Dt 

D 


Du 

Dq 

DE 

(DEL 

Dme 

D 

mu 

Dm 

dDE 

dt 

dDg 

dt 

dDc 

dt 

dDm 

dt 

F 

FD 

V 


SYMBOLS 

Fast  disposition  rate  constant 
Slow  disposition  rate  constant 

Y  intercept  on  senilog  plot  of  plasma  concentration  versus 
time  as  shown  in  Figure  16,  17,  18,  19. 

FD,  the  fraction  of  dose  available  at  the  absorption  site 

V 

Area  under  the  plasma  concentration-time  curve 
y  intercept  on  senilog  plot  of  plasma  concentration  versus 
time  as  shown  in  Figure  16,  17,  18,  19. 

Concentration  of  drug  in  the  blood  at  the  start  of  nth 
dosing  interval . following  nth  dose. 


Concentration  of  drug  in  the  central  compartment  at 
t  =  0  for  I .V.  dose. 

Concentration  of  drug  in  central  compartment  or  plasma 
compartment  at  any  time  t 

Maximum  plasma  concentration  of  drug  following  absorption 
from  the  site  of  application. 

Amount  of  drug  in  the  central  compartment. 

Amount  of  drug  in  the  tissue  compartment. 

Pose  administered 

Amount  of  drug  in  the  central  compartment  at  time  zero  or 
initial  dose 

Amount  of  drug  excreted  unchanged  in  the  urine 
Amount  of  drug  in  the  gastrointestinal  tract 
Amount  of  drug  excreted 

Total  amount  of  intact  drug  excreted  in  the  urine  at 
infinite  time 

Amount  of  metabolite  of  the  drug  excreted 

Amount  of  metabolite  excreted  in  the  urine 

Amount  of  metabolite  excreted  in  the  urine 
Urinary  excretion  rate  of  a  drug. 

Rate  of  change  of  drug  in  the  GIT 

Rate  of  change  of  drug  in  the  central  compartment. 

Rate  of  change  of  amount  of  drug  metabolite  in  central 
compartment. 

Fraction  of  the  dose  that  is  absorbed  and  that  reaches 
general  circulation. 

Fraction  of  the  dose  administered  which  is  absorbed  per 
volume  of  distribution 


(™) 
v  v  n 


Fraction  of  dose  absorbed  per  volume  of  distribution 
from  n^  dose 


K 

Ka 

Kct 

Ktc 

Ku 

Km 

log 

In 

t 

T 

J 

ti_ 

2 

Snax 

U 

Vd 
Vc 
V  t 


Overall  elimination  rate  constant 

First  order  absorption  (availability)  rate  constant 

First  order  rate  constant  for  transfer  of  the  drug  from 

the  central  compartment  to  peripheral  compartment 

First  order  rate  constant  for  the  return  of  the  drug  from 

the  peripheral  compartment  to  the  central  compartment 

First  order  urinary  excretion  rate  constant 

First  order  rate  constant  for  metabolism 

Common  logarithm  (base  10) 

Natural  logarithm  (base  e) 

Time  after  administration  of  dose 

Peripheral  compartment 

Dosing  interval 

Half  life  of  drug  elimination 

Time  following  drug  absorption  when  the  plasma  concentration 

reaches  a  maximum  value 

Urinary  compartment 

Apparent  volume  of  distribution 

Apparent  volume  of  central  compartment 

Apparent  volume  of  the  tissue  compartment 


( ( -Kail \ 

u  y'e  '  n-1  =  The  fraction  of  dose  per  volume  of  distribution 

which  is  remaining  in  the  gut  from  previous  dose, 
for  absorption 


CJJ 

\— 

=  Ktc 

(see  above) 

kct 

=  Kct 

(see  above) 

c 

Ku 

=  Central  compartment 
=  Ku  (see  above) 

=  Dq 

(see  above) 

ka 

=  -Ka 

(see  above) 
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